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FORWARD 


Thl*  Cowan  *VHul«  Designer'*  Handbook  mas  written  In  order  that  atari  of 
Cowon  Modules  and  Cowon  Nodule  Thermal  looking  Syttam  or  FlIA's  art  pro¬ 
vided  with  Information  on  tho  function,  thoory  of  oporatlon,  Intarfaca  prob¬ 
lem,,  and  tho  maintenance,  testing  and  car  a  of  tha  Cowon  Nodules.  Tho  U.S. 
Army  Night  vision  Laboratory  (NVl)  hat  tuccattfully  davalopod  a  n«m*er  of  Com¬ 
mon  Nodules  which  when  attomOlod  Into  a  tyttam  con  bo  utod  for  various  appli¬ 
cations  Tho  individual  FUR  functions  hava  boon  separated  and  unlqua  modules, 
that  have  tha  flaolblllty  to  bo  used  In  Thermal  Imaging  Systems  of  various 
levels  of  complexity,  satisfy  tho  largo  majority  of  Army  applications,  as 
moll  as  numerous  applications  of  tho  other  services.  Special  system  unique 
modules  can  be  added  to  satisfy  specific  ropul rements. 

The  purpose  of  the  twain  Nodule  program  Is  to  sign  If Icently  reduce 
tho  cost  of  reel  time  Thermal  looping  Systems.  Quantity  production  of  com¬ 
mon  units  tdslch  satisfy  a  largo  number  of  applications  mill  achieve  this  900I. 
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CMAPTCA  I 

TYPICAL  COMMON  MOGUL £  SYSTCM 


SECTION  I 


IMTROOUCT ION 


1.1  SCNCMt 

This  designers  handbook  was  prepared  under  Contract  No  OAAG53-75-C-OI 7® 
by  Philips  Audio  Video  System  Corp.,  Government  Systems  division,  Nahwah 
New  Jersey  for  the  Ni9ht  Vision  Laboratory  Fort  telvoir,  Virginia 

1 .2  PURPOSE  ANO  SCOPE 


The  purpose  of  this  manual  is  to  provide  information  that  will  aid  the 
system  designer  in  designing  a  Forward  Looking  Infrared  (FLIP)  or  Thermal 
Imaging  System  wsing  the  coaenon  modules 

Chapter  I  provides  design  information  on  a  •'typical'’  system  based  on 
the  use  of  common  modules  This  includes  e  functional  description  of  a 
typical  common  module  system  and  e  system  thermal  discussion. 

Chapters  2  through  13  provide  detailed  design  information  on  each  of  the 
common  modules.  I  tent  discussed  Include,  genera!  description,  technical 
specifications,  theory  of  operation,  electrical  and  mechanical  Interface 
Informal  Ion,  design  limitations,  end  al I gnment /maintenance  Information. 
Schematic  diagrams,  block  diagrams,  outline  drawings  and  photographs  of 
the  modules  are  included  y 

The  cuwaon  modules  Included  In  this  manual  are  as  follows 
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dSAECOW  P/N 


2 

3 

4 

5 

6 


Preamplifier,  Video  Infrared 
Post  amp  I  I f I er/Control  Driver, 
Video,  Infrared 
Aueliiary  Control,  Video 
Inf rared 

Aegulator,  lias,  Infrared 
DC/AC  Inverter  Assembly 
(P/0  Cooler/Inverter,  Infrared) 
Nodular  Cooler  Assembly 

(P/0  Cooler/Inverter ,  Infrared) 


SH-O-773**} 

SH-o-77jgoo 

SH-0-773D96 

SH-0-77JJ14 

SN-0-773MJ 


-2- 
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SH-0-77Jb*J 


Cheat a  r 
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8 

Scan  end  Interlace  Infrared  (60Hz) 

SM-0-77)8j*4 

9 

Collimator,  Visual,  InfrereJ 

SH-0-77JJ57 

10 

Imager,  Optical,  Infrared 

SH-0-77)4*l9 

II 

Scanner,  Mechanical,  Infrared 

SH-0-77)dl5 

12 

Detector/Oewer,  Infrared 

SH-0-77)7«l 

1) 

Light  Emitting  Diode  Array,  Infrared 

SH-0-77J6J8 

The  following 

Is  a  list  of  the  modules  and  applicable 

specif  icat  Ion 

Module  Sped  f  I  ft  i  on 


i 

i. 

I 

* 


Scanner,  Mechanical  IK 
Sc«n  l  Interlace  IK 
Collimator,  Visual  IK 
Kreempl I f ler ,  Vldao  IK 
Kost  Amplifier,  Video  IK 
Auxiliary  Control,  Video  IK 
lies  Regulator,  IK 
Imager,  Optical  IK 
Modular  Cooler 
Oetector/Dewer  IK 
light  Emitting  01  ode 


B2-2BA0S0I07 
B2-2SA050120 
•2-26A050I0S 
I2-28A050106 
•2-28AO501U 
•2-26A0501I7 
B2-2SAOS0II8 
B2-23AOS010A 
B2-2IA0S0106 
B2-28A050102 
12-2 8A050I03 
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SECTIUN  II 


FUNCTIONAL  description 

A  functional  description  of  e  typical  common  nodule  system  as  ihwf  In 
the  block  diagram  of  Figure  2-1  follows  Infrared  energy  from  the  viewed  scene 
Is  recieved  by  an  afocal  ,  magnifying,,  Infrared  lens  having  J  l  step  zoom  cap¬ 
ability.  A  recollimated  beam  from  the  afocal  lens  Impinges  on  the  front-sur¬ 
faced  glass  mirror  of  the  scanner  module.  The  energy  Is  reflected  to  t  m  IP 
imaging  -nodule  which  focusses  it  on  the  detector  array.  The  common  nodule 
elements  starting  from  the  output  of  the  afocal  lens  form  a  fined  electro- 
optical  system  since  the  physical  dimensions  of  the  common  module  elements 
are  themselves  fixed.  Summarizing  briefly,  the  elements  ere  as  follows 
(1)  v^tectQ'  Array  of  180  vertically  oriented  elements  of  her eery  Cadmium 
Teliuride  (HgCdTe).  The  array  Is  formatted  for  a  2  I  interlace.  The 
spectral  band  Is  7-5  to  12.0  mlcror.. 


(2)  IP 

a  Effective  focal  length  -  2,649  In. 

e  F/hueber  -with  no  external  stop  the  f /number  Is  f/l .6  set  by  the 
aperture  of  the  first  lens  element 

e  Field  of  View  -  sufficient  to  fill  a  field  of  view  of  6.89“  (correspond 
Ing  to  80  detector  elements  or  160  resolution  elements  taking  the  2 
to/»  interlace  Into  account). 

' )  Scanner  Ts«  mechanical  oscillation  of  tha  mi r -or  ca~  be  adjusted  to  give 
an  active  see  angle  up  to  10*  ($*  to  eec  side  of  center),  with  •  seen  ef 
flclency  of  at  least  70*  as  described  tr  the  t2  sped  f  I  cat  ion 
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£  lect  ’•oni  ct 


Provides  mirror  notion  drive  At  the  end  of  each  leer  the  seen  mirror 
node  #bout  en  a»  s  wh.ch  s  )C  off  the  vertical.  This  notion  provdes 
the  required  Interlace  through  a  vertical  tilt  f  horizontal  .opponent 
derived  from  the  nodding  action  provides  horizontal  translation  of  the 


phase  lens  to  correct  for  electronic  phase  shifts  in  the  detector 
s • gna I  channels 

(5)  Cooler  The  detei.tors  are  cooled  to  approximate  ly  77V  by  a  Stir  I  ng 
cycle  cooler  operating  from  115  volts,  >*0C  Hz. 

,-|W  I  f  I  tr  The  preamplifier  modules  provide  a  gain  of  ?0  volts/volt. 
The  electrical  signal  from  each  detector  Is  AC  coupled  to  a  Sow  noise 
preampl  I  f  I  er .  There  are  20  preaag>l  I  f  ler  c  ha  one  I  s  per  card. 

(7)  “nil  fill  tiers  The  post  amplifiers  consist  of  3  capacltvely  coupled 
stages  .  The  first  tme  stages  have  electron!  cal  ly  controlled  gem  end 
polarity  A  potent iomeier  >-etwee  the  electrically  identical 

first  end  second  stages  is  adjusted  to  noneplize  detector  responslvity 
variations  Cain  control  end  polarity  reversal  commends  ere  provided 
to  them  for  ell  channels  in  parallel  by  means  of  the  aux'llary  control 
module.  In  combination,  gain  control  commands  !  and  2  provide  e  gain 
(contrast)  variation  of  30  dt  The  9am  commend  t  circu  try  also  pro¬ 
vide  temperature  compensation  to  assure  gain  stability  over  varying 
temperature  conditions  The  third  stage  of  each  circuit  It  the  LCD 
driver  The  level  of  the  output  of  this  stage  is  electrically  con¬ 
trol  lad  to  provide  display  brightness  control  and  end -of -scan  blanking. 

'8)  t  {  ft  Outputs  from  the  host  Amplifier  boards  ere  fed  to  the 


LCD  module.  Aesittort  ere  contained  within  the  LCD  module  In  series 


with  Mch  ‘*£0  to  norma  i  i  is  the  brightness  of  each  .  Mni,  Mtur* 

In*  display  uniformity,  Visible  light  from  the  LEO  module  is  col¬ 
limated  by  the  Visual  Collimator  module.  The  collimated  a  mm  Is 
passed  through  a  phase  lens  to  the  beck  of  the  scan  mirror, 
image  intanstfiar  Since  there  Is  a  one-to-one  correspondence  berween 
the  detector  elements  and  the  LEO  display  elements,  end  since  both  the 
scene  end  the  display  are  scanned  by  the  same  mirror,  a  visual  represent¬ 
ation  oi  the  infrared  scan#  is  Imaged  on  the  face  of  the  iaege  Intenslfler 
tube  After  ntens i f I  cat  ion  the  image  Is  viewed  through  a  biocular  eye- 
p.eca.  The  purpose  of  the  phase  lens,  which  moves  with  the  outer  (inter¬ 
lace)  gleOei  of  the  scanner,  is  to  optically  correct  for  phase  Jitter  of 
tne  Image  wnl ch  occurs  due  to  the  beck  end  forth  seen  end  finite  electronic 


bandwidth. 

It  should  be  - jted  that  the  Image  Intenslfler  shewn  In  this  typical  syttea 
Is  not  naedaq  In  all  sys tew  The  visual  image  may  be  focused  on  the  target 
of  a  TV  camara  tuba  for  usa  wi tt  a  TV  display  system.  If  direct  viewing  Is 
desired  and  the  Image  Is  bright  enough  to  meet  the  particular  system  re- 


gul remant  without  lnten»‘f I  cat  Ion,  an  eyepieve  end  visible  Imaging  optics 
can  be  designed  for  use  without  an  Intenslfler. 
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2  2  OPT! QAL  SYSTEM 

The  optical  system  I?  dtti gned  to  provide  a  two  dimensional  infrared 
scan  In  the  7.5  to  12  micron  region  and  to  present  a  converted  visual  Image 
of  the  Infrared  scene  to  an  observer,  figure  2-2  Is  an  itnmetrlc  illustration 
of  a  thermal  viewer  utilizing  all  the  optical  elements  of  the  common  module. 

^  first  element  in  the  system  is  a  collector  lens  wnlch  will  define  the 
effective  f/number  of  the  Infrared  optical  subsystem.  In  many  applications 
a  hange  of  magnl f (cat ion  Is  required,  for  wide  field  and  narrow  field  viewing 
applications.  Since  the  sc.».»  mirror  requi  res  a  parallel  bundle  of  rays,  the 
front  end  elements  must  be  an  afocal  design.  A  simple  two  step  zoom  lens  can 
be  accomplished  by  moving  one  of  the  lens  el  amenta  comprising  the  afocal  sub¬ 
system. 

The  scan  mirror  is  a  two  sided  mirror  which  oscillates  in  the  azimuthal 
direction.  The  infrared  imager  collects  the  collimated  scanned  bundle  and 
focusses  the  I*  energy  on  the  ISO  element  linear  detector  array.  The  de¬ 
tector  is  fabricated  from  elements  of  HgCdTe.  Each  vertical  eieme-.c  <s 
fil lowed  by  a  blank  space  for  interlacing  purposes.  Interlacing  is  ac¬ 
complished  by  a  vertical  displacement  of  the  mlrrsr.  The  displacement  magni¬ 
tude  corresponds  to  a  single  detector  elsment.  A  bldl rect lonal  scanning 
action  is  obtained  by  observing  the  IA  scan  on  the  forward  and  return 
cycles  of  the  mirror.  During  the  return  cycle  the  mirror  Is  deflected 
in  eievat  on  to  effect  the  Interlace  scan.  Several  possible  scan  motions 
a  shown  in  Figure  2-3.  Figure  2-3e  is  a  2  to  I  forward  interlace.  Figure 
2-Jb  is  a  2  to  I  reverse  Interlace  and  Figure  2-3c  Is  a  1  to  I  interlace. 

The  I  to  I  Interlace  differs  from  the  2  to  I  interlace  In  that  the  mirror  Is 
displaced  In  the  elevation  direction  after  a  complete  mirror  oscillation 


*3* 


ycle. 


2  TO  I  rOOWAHO  Jl»Ttm.AC| 


F i qur*  2-3  Seen  Interlace  Conf I guret Ion* 


Th*  bidirectional  scan  ■( rror  It  an  an call  ant  May  to  optimise  scan  offici¬ 
ate*  but  It  It  not  Mithout  its  attendant  problems  electronic  phata  shift 
In  the  amplifier  chain  it  proportional  to  frequency,  and  Mill  result  In  an 
Information  delay  at  the  output.  Tha  phata  delay  provided  by  scanning  a 
•ingle  point  source  In  a  tingle  scan  line  It  shown  in  Figure  2-b.  The  re¬ 
verie  scan  accentuate*  the  delay  b/  a  factor  of  2  and  would  cautn  considerable 
blurring  of  the  picture  without  tome  meant  of  compensation.  Phase  shift  compen¬ 
sation  It  provided  optically  by  a  phase  shift  lent  which  It  a  weak  lens  mechanical¬ 
ly  oscillated  In  a  small  lateral  shift  In  the  aslmuth  direction  by  meant  of  a 
mechanical  linkage  actuated  at  the  two  end  ton  points  of  the  mirror.  Since 
the  phase  shift  lent  will  cause  a  slight  beam  divergence,  a  nulllfler  lent  It 
used  to  recoil imatc  the  optical  bundle. 

Each  of  the  detector  elements  as  It  is  scanned  over  the  field  of  view 
by  the  scanner  mirror,  generates  a  signal  raprasantat I va  of  a  single  scan 
line  In  the  picture  raster  The  signals  era  amplified  sufficiently  to  drive 
an  LEO  linear  array  with  a  nueber  of  vertical  elements  identical  to  that  of 
the  detector  array.  Light  from  the  LEO  array  It  collected  by  a  visual  colli¬ 
mating  Ians  which  directs  th*  resulting  parallel  light  rays  to  the  reverse 
tide  of  the  scan  mirror.  This  visual  analog  of  the  scanned  10  scene  will  be 
presented  to  a  viewer  observing  the  scanned  LEO  array.  In  order  to  obtain  an 
erect  image  with  proper  left  to  right  orientation,  for  the  final  output  view¬ 
ing,  the  entire  optical  train  In  both  the  Infrared  and  visual  portions  mutt  be 
a-aminad  from  the  stand  point  of  image  inversions,  and  reversions  due  to  len¬ 
ses  and  mirrors.  It  should  be  borne  In  mind  In  designing  any  system  that  a 
relay  or  raimpging  Ians  results  In  Inverting,  and  reverting  the  Image,  A 
single  90“  mi rror  fold  changes  left/right  Into  up /down ,  and  a  periscope 
action  or  two  successive  90'  folds,  results  In  the  proper  up/down  and  left/ 


12- 


I 


•**  left/right  or I ant at  Ion  In  the  lyitai  shown,  uta  is  oade  of  a  panto- 

pfis«  which  Oaviatas  tha  ilna  of  sight  by  JO*  without  Inverting  or  waning 
tha  l  wage  It  also  has  tha  valuable  property  nf  Pal ng  a  constant  deviation 
prlso,  in  that  It  deviates  tha  Ilna  of  sight  through  tha  sourca  angla  reoerd- 
iass  of  Its  oriantation  to  th*  Ilna  of  sight.  Tha  penta-prisw  Is  used  whare 
It  is  desirable  to  produca  a  90®  daviation,  without  having  to  oriant  tha 
prisn  pracisaiy. 

Tigura2-6  Is  a  schsnatic  conr I gurat Icn  of  tha  physical  conf i gurat Ion 
described  abova  which  providas  a  vaiuahls  hay  toward  understanding  tha  action 


of  tha  various 


ts  of  tha  systao. 


fha  final  vising  Is  dena  through  an  ayapiaca  aountad  at  tha  raar  an- 
tranca  of  tha  I*  I wager.  In  aost  applications  It  will  bp  laportant  far  tha 
vl«*ar  to  ohaarva  tha  targat  by  laohlng  through  tha  ayapiaca  In  a  straight 
ahaad  wanna r  so  that  tha  up/dawn  and  laft/rlght  ara  an  exact  cor.wtetlen 
of  tha  targat  scans,  F I  gura  *4  ttsaaisrl  «as  tha  optical  principlas  as  dis¬ 
cussed  In  tha  foregoing  tost. 
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Fiau  t  2-5  Schraat  lc  Conf  I qurat  >«k*  Typical  Comaon  Nodule 


Flf ur*  2-4  Principle  of  Opprptlor  of  Typical  Optical  £• 


2.3 


1 

IMAGE  HCSENTATIQh  ANALYSIS 

In  a  complex  optical  system  consisting  of  a  nutStr  of  Ians  and  Mirror 
elements  with  savarai  path  deviations,  an  analysis  of  the  image  presentation 
at  the  output  In  terms  of  inversions,  and  reversions  must  fee  determined. 

Floure  2-7  shows  the  infrared  portion  of  a  typical  infrared  night  sight 
wn  ch  scans  up  through  a  periscope.  The  technique  used  for  image  presenta¬ 
tion  is  to  first  layout  a  schematic  showing  the  light  path  as  diverted  fey  the 
non-power  surfaces  such  as  a  mlrrcror  a  prism.  *  left/right  and  up/dawn  ar- 
ro  diagram  should  fee  thus  traced  through  the  system.  Next  the  tenses  or 
mirrors  which  result  In  changing  the  beam  divergence  era  Inserted. 

In  the  system  shovn  In  Figure  2-7  There  Is  no  Image  perturbation  fey 
the  gall  lean  efocel  lens  since  Its  function  is  to  produce  a  megn! f > cat  I  on  of 
collimated  space  for  the  scanner  proportional  to  the  afocai  reduction.  How¬ 
ever  the  imaging  Ians  produces  a  single  inversion  and  reversion  of  the  image. 

The  effect  of  the  visual  optical  system  of  FI  gure  2-8  wi  1 1  now  fee  anal¬ 
ysed.  da  start  fey  fixing  the  arimuth  and  elevation  directions  in  object 
space  as  shown  fey  the  arrows.  Again  wa  determine  the  affect  of  the  non-ptw- 
er  path  diverting  devices  without  the  lenses  In  place.  The  collimating  and 
imaging  lens  act  as  a  single  relay  Ians  and  produce  both  Inversion  and  reversion 
of  the  image.  Thus  an  erector  lens  is  required  for  proper  Image  presentation 
to  r  viewer  observing  through  the  eyepiece 
2.3  *  NUMERICAL  EXAMPLE  OF  SYSTEM  USING  COMMON  MODULES 

An  example  of  a  typical  system  using  the  comeon  modules  is  presented  in 
oreer  to  determine  some  of  the  nweerlcei  optical  relationships  «d*ich  must 
fee  taken  Into  account.  The  viewer  Is  to  observe  a  scene  which  has  a  high  and 
lew  nagni f I  cat  ion  or  narrow  field  and  wide  field  of  view.  The  high  megnifi- 
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COLL  MA' INC  lCNI 


n«u.«  2-6  VI  •  I  to  l«  Optic*  of  Typical  Mlfht  Sight 


cation  Mill  be  approx  metal y  9  0X  and  the  low  modification  J.)X  The 

scanned  field*  of  via*  In  obi  act  space  are 

Marrow  flald  -  1.5°  elevation 

3°  azimuth 

Wide  field  -  b.5°  elevation 

9°  azimuth 

The  constants  In  the  systar.  are  def  ned  by  the  coawon  nodule  elements 

LED  array  •  .0075  *  00371! 

Id  Imager  -  2.5"  clear  aperture  -  lft  clement 

2  669“  focal  length 

Visual  col-  -  1.58  clear  aperture  -  l#t  element 

Inna  tor  2  focal  length 

Physical  angular  excursion  of  mirror  •  6.75° 

2.J.2  AFOCAL  DESIGN  PARAMETER 

The  design  parameters  of  the  afocat  system  will  determine  the  focal 
length  and  clear  aperture  of  the  entrance  pupil  A  f/1.9  system  as  an  ex¬ 
ample  requires  the  exit  pupil  of  the  afocal  to  be  2.669/1-9  *  I.V*.  In 
the  narrow  FOV  the  afocal  has  *• . 5*  magnification  given  as  6.3'1  diameter 
entrance  pupil.  The  wide  FOV  Is  1.5*  giving  a  2  I"  diameter  entrance  pupil 
Ac so mt ion  *  To  obtain  angular  resolution  In  scanner  space  we  calculate  the 
detector  element  enguler  subtense  In  the  focel  length  of  the  Id  meger. 

Resolution  •  In  object  spec*  the  enguler  sub¬ 

tense  of  the  resolution  is  divided  by  the  zoom  nagn . f 1  cat  Ion  or 
Raso  u 1 1  or  .  NFQV  resolution 

uTs 

*£tP  liVt.lffr  •  WFOV  resolution. 

I.S 
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2.3.3  CTEPrECE  AMU-*  tt  SUBTENSE 


The  diagonal  etament  in  the  scar  field  of  3S  W  «  5^  El  *  3. 35° 

In  the  narrow  field.  The  eyapteee  must  be  usable  to  an  angle  of  9-8  *  J  J5* 

32  8° 

.3,4*  figure  2-9  presents  a  typical  optical  systar 
2  3.5  OlFFMCTlOh  LIMIT 

The  diffraction  limit  defines  the  «e<>nur  resolut  or  that  can  be  ob¬ 
tained  with  an  optical  syster  The  best  angular  resolution  that  can  be 

achieved  is  given  by  f  -  •“ — *or  in  terns  of  the  focal  length  and  F/A 

•  "  J  - - *  The  F/p  of  the  syster  s  defined  by  the  syster  opt  cs 

The  F/P  of  the  example  Syster  s  F/1.9  The  middle  wavelength  is  10  microns 


or  I  i  10 


and  the  fc*al  length  is  6.78  cr  The  diffraction  limit  Is  thus 


2.M.  «  10-3  ,  J  e 


68  *  f0”3  rad 


For  the  narrow  f  eld  of  view  the  afocal  magn i  f  i  cat  ion  s  *».5X  and  th« 
diffraction  limit  is  0,15  *  10” 3  rad,  The  WFCV  has  a  magnflcation  of  5* 
giving  a  diffraction  limit  of  0.*«5  x  I0”*  rad 


i.«  Qj*  rcrforhahce  ncqy irene hjs 

2.4.1  ESTABLISHMENT  OF  SCENARIOS 

Thermal  Imaging  Systaneor  FUR'*  ere  commonly  used  to  detect,  re cognize 
and  identify  •littery  threats  under  cover  of  darkness.  For  this  handbook .  we 
have  considered  likely  targets  to  ranges  of  up  to  9  kilometers. 

Although  there  are  many  possible  scenarios,  there  are  always  two  critical 
parameters  which  Impose  certain  requirements  on  the  design  of  a  FlIR  the 
character  1st les  of  the  target  and  of  the  Intervening  medium  (atmosphere) . 

In  this  section  we  discuss  the  manner  In  which  these  parameters  affect  the 
design  of  the  sensor  in  terms  of  required  ~esolution  and  sensitivity. 

2.4.2  SCENE  CONTRAST 

SKIttl&iU  PlfftryitM 

Table  2-1  shows  the  enlsslvlty  of  co— ofi  terrain  features  In  the  visible, 
airflow,  near  IF*  (3-5  microns),  and  far  IR  (8  -  14  microns).  In  general, 
objects  become  more  emissive  and  hence  less  reflective  as  wavelength  is  In¬ 
creased. 

It  can  be  seen  that  enlsslvlty  values  In  the  3-5  micron  region  range 
from  approximately  0.8  to  1  and  In  the  8-14  micron  region,  they  range  from 
0.95  to  I .  If  an  opaque  target  (trensnissivity  •  0)  is  at  the  saw  tempera¬ 
ture  as  Its  background  and  the  background  has  unit  enissivity,  the  target  will 
net  be  visible  against  the  background,  no  matter  what  the  target  emlssivity 
i s .  The  emissive  radiance  of  the  target  is  decreased  by  decreasing  the  e*ls- 
sivity,  and  the  radiance  of  the  background  reflected  from  the  target  will  In¬ 
crease  Just  enough  to  make  the  target  as  bright  as  the  background,  since  the 
affection  coefficient  •  I  •  £  ,  where  £  •  emlssivity. 
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If  the  target  It  hotter  than  the  background .  the  effective  temperature 
difference,  to  a  flrtt  approx  I  met Ion,  will  be  'he  actual  temperature  differ¬ 
ence  decreased  by  the  emisslvlty  of  the  target. 

It  it  assumed  in  these  analytes  that  all  emissivltles  equal  1.0.  There¬ 
fore,  the  temperature  differences  used  mey  be  optimistic  by  about  20  percent 
In  the  3*5  micron  range,  by  5  percent  In  the  8  12  micron  range. 

It  should  be  noted  that  low  emitslvlty  materials  such  as  polished  metals 
may  have  emissivltles  as  low  as  10  -  15  percent.  However,  most  objects  encount¬ 
ered  on  the  battlefield  will  be  dirty,  so  that  their  emlsslvity  will  approach 
those  given  In  Table  2-1. 

T— oroiyrt  gilftfontoi 

Temperature  di fferences  In  the  Infrared  may  vary  from  0*k  to  tans  of  de¬ 
grees  depending  on  conditions.  For  example.  If  a  tank  is  exposed  tu  the  ele¬ 
ments,  not  operating,  and  out  of  the  sun  for  several  hours,  there  Is  essen¬ 
tially  no  temperature  difference  between  the  tank  and  its  background.  How- 
ev  r.  If  the  tank  has  been  operating,  the  tread  and  engine  coapartments  mey 
heat  up  to  10  -  20*  above  ambient,  while  the  exhaust  pipe  mey  be  100*  above 
ambient  and  the  turret  still  at  aaplent.  If  the  cannon  has  been  fired.  It 
too  may  be  100*  above  ambient.  Therefore,  the  target  signature,  or  the  tar¬ 
get  scene  temperature  diffeience,  must  be  treated  as  a  variable. 

Entra  -ttrntm 

Figure  2-10  shows  natural  Illumination  levels  and  the  radiance  of  a  300* 
blsckbody.  It  can  be  seen  that  the  number  of  photons  available  for  imaging 
In  the  Infrared  (3-5  >*•  or  8-1b)  far  exceeds  that  available  for  the  visible 
even  In  full  moonlight.  However,  it  Is  not  so  much  the  megnitude  of  the  photon 
I  ux  which  concerns  us,  but  rather  the  difference  between  the  amount  coming 
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•otto*  Spectral  I rradlanca  of  a  NI0it  Scow  IMualnotod  by 
Starlight  and  Airflow;  Cantar:  Spoctral  I rradlanca  of  a  Might 
Scow  llltMlnatad  by  a  full  aoon;  top  Spoctral  ftadlant  Eai t • 
taoca  of  a  300 >  llacfctodv 


fr om  the  teryet  end  the  Mount  from  the  be ckq round  which  will  deter* I ne  how 
Cleerly  the  teryet  will  bo  perceived. 

As  Mentioned  eeriier,  this  difference  is  determined  prlmerlly  by  tho  dlf- 
feronco  In  refection  coefficients  In  tho  visible,  end  by  tenpereture  differ¬ 
ence  In  the  I*. 

Fl yur*  2-11  shews  the  different  lei  spectre!  redlence  for  e  one  decree 
tewpereture  difference.  Different  lei  spectrel  redlence  in  the  8  •  U  u* 
b-nd  Is  en  order  of  meynltude  higher  then  In  the  3  -  S  ye  bene.  This  does 
not  neon  thet  ope  ret  I  on  In  the  I  •  Ik  »  region  Is  en  order  of  neynltude 
better  then  In  the  )  •  S  m  region. 

So  for,  we  heve  considered  only  slfnel  end  not  noise.  The  MOfnltude  of 
the  redlence  levels  ere  so  lerye  thet  stetlstlcei  fluctuations  become  com- 
pereble  to  the  dlfferentlel  redlence  provldlny  siynel.  FI  pure  2-12 
S/N  es  ■»  function  of  we ve length  with  the  stetlstlcei  fiuctuetlon  of  the 
sl9nel  es  the  sole  noise  source. 

It  cen  now  be  seen  thet  the  beckyround  S/N  reechos  e  mexinun  et  I  pm  end 

thet  the  S/N  in  the  8-1  k  pn  re  y  I  on  Is  leryer  then  In  ihe  )  •  $  pi  reylon 
f >r  teryets  et  epproxlaetely  )00*K.  However,  es  shown  in  the  next  section 
thet  we ether  effects  ere  less  severe  In  the  8  -  lb  fee  reylon  then  In  the 
3  -  5  **"  reylon. 

In  90 no re  I .  et  lony  ren yes  or  in  foul  weether,  when  weether  substent  lol¬ 
ly  deyredes  siynel,  the  8  -  Ik  pm  reylon  wilt  perform  ouch  better  then  the 
’  ■  5  p»  reylon.  At  close  renyes  or  in  cleer  weether  ope ret  ion  et  I  to  Ik  pm 
Is  only  sllyhtly  better. 

2k.)  ATHCSfWCAIC  TAANSHISSION 

Loss  of  eneryy  end  con t rest  ceuted  by  the  etmosphere  stews  f row  two  we- 
henlsws,  ebsorptlon  end  scetteriny. 
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Figure  2-12. 

S*«ctr«l  Sbynel-to-Nolee  ftetlo  pe r  Unit  lendwldtfc  for  en  !<*•< 
l«ck9rownd  United  Sector  Vertvt  tfeva leAfth.  jOlV  Object 

In  1  £ck9rou'**  s#n,or  Ar"  *  '  J/Zit  Ouent*,  ttuJny 
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Absorption  Is  duo  to  rosononco  of  photon  onorf>  (rolotpd  to  wavelength 
by  hc/^)wlth  energy  lovol  dlfforpncos  In  etaospherlc  cons  1 1 1  uent  S  .  Thorp- 
foro,  absorption  Is  discontinuous  In  wavelength  ond  shows  no  general  trpnd 
with  wavelength.  Thorp  pro,  however,  regions  where  thorp  Is  llttlo  rosonont 
absorption,  thosa  ara  cal  lad  atmospheric  windows, 

Scattaring  dlffars  from  absorption  In  that  it  deos  not  extract  onorgy 
from  tha  signal  but  merely  rodlstrlbutas  It.  Tha  offact  is  ossantlally  tho 
sa«a  as  absorption,  sinca  tho  onorgy  which  Is  scattorod  out  of  tha  fiald  of 
vlow  of  tha  sensor  is  lost  to  It.  Multiple  scattaring  will  causa  a  point 
source  to  look  Hka  a  disc,  honco  decreasing  resolution.  This  effect  of 
multiple  scattering,  because  It  Is  swell.  Is  Ignored  In  this  enolytis.  Ap¬ 
pendix  I  contains  an  analysis  of  tha  affects  of  etaosphera  on  energy  trens- 
missiu.'. 

Scattering  Is  continuous  with  wavelength  and  depends  on  the  slse  of  the 
scattering  particle.  When  the  particle  Is  much  larger  than  a  wavelength  (Mle 
scattering)  the  scattering  Is  uniform  with  wavelength.  This  Is  the  case  of 
visible  light  scattered  by  a  fog;  tha  scattered  light  Is  white.  As  the  scatt¬ 
ering  particle  ba cones  saallar  than  a  wavelength  the  scattering  coefficient 
drops  vary  rapidly  with  wavelength,  approaching  a  1/  ^ **  relationship  (fteylelgh 
scattering.)  This  Is  the  case,  for  exampla,  of  air  Molecules  scattering  vis¬ 
ible  light,  the  scattered  light  appears  blue.  Figure  2-1)  shows  the  particle 
siia  distribution  for  hate  and  foe.  The  peak  for  both  dlstribut Ions  appears 
to  be  about  2  -  )  microns.  Therefore,  one  would  expect  the  scattering  coef¬ 
ficient  for  fog  and  hate  to  be  roughly  constant  (hie  scattering)  for  wave¬ 
lengths  Shorter  than  the  peak  at  2  -  )  microns,  and  to  fall  off  sharply  for 
wavelengths  beyond  the  peak. 

Figure  2-ib  shows  the  scattering  coefficient  of  several  types  of  fogs. 
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Not*  that  th*  behavio r  of  stable  fogs  agree  extremely  we  I I  with  tha*  predicted 
above.  The  curves  used  to  generate  th*  data  for  this  study  ar«  those  labeled 
selective.  These  ere  characterlst Ic  of  artificial  sack*  (*.9.,  battlefield 
sacks)  as  m*II  es  certain  fo9*.  The  thrae  condition*  are  displayed  as  light, 
medium  and  heavy  fog.  Had  th*  stadia  casas  bean  usad  rather  than  the  selective 
case  the  atmospheric  attenuation  Mould  appear  lass  saver*  for  all  wevelengths- 
However,  the  visible  through  )  el  cron  region  Mould  Improve  far  more  than  the 
10  micron  region. 

Figure  2-15  gives  the  scattaring  coefficient  for  the  haze  considered. 
Figure  2-16  through  2-20  show  atmospheric  transmission  as  a  function  of 
range  and  weather  conditions.  Note  that  In  the  Infrared  there  are  two  regions 
of  little  atmospheric  attantuetion,  )  -  5  micron  and  8-16  micron.  Table 
2-2  shows  th*  relative  frequency  of  occurrence  of  various  night  viewing  con¬ 
ditions  In  the  Eastern  United  States. 

TA8L£  2-2 


Average 

Probability  of 

Atmospheric 

Scattering 

Occurrence  In 

frail  linn 

.S  -  1  .0  u 

Eastern  U.S.* 

Clear  Air 

)  x  10~“Vmeter 

.25 

Haze  (light) 

5  x  lO'Vemter 

.60 

Haze 

2  x  H'Vxeter 

.00 

light  Fog 

1 0"* /meter 

.90 

Dense  Fog 

6  x  10"2 /meter 

96 

♦This  probability  Is  th*  percentage  of  night  viewing  time  when 
tn*  given,  or  better  (l.a.,  lower),  value  of  scattering  coefficient 
can  be  obtained.  Thus  00  percent  of  th*  time  th*  scattering  co¬ 
efficient  would  b«  better  than  (less  than)  2  *  10“3/m*t*r  (haze). 
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figure  1-1 


.  Scattering  Coefficient  of  •  Heze 


Johnson  tufftitW  that  for  purpose  of  perception,  a  csapln  target 
may  be  replaced  by  an  equl valent  bar  patte.n  of  frequency  determined  by 
Table  2-3  and  an  overall  aspect  ratio  determined  by  the  nature  of  the  target. 
The  bar  pattern  oust  have  the  same  contrast  and  Inherent  S/N  ratio  as  the 
orlylnel  target  with  respect  to  Its  background.  The  sensor  oust  new  produce 
In  a  single  bar  at  the  display  a  S/N  ratio  equal  to  the  value  shown  In  Table 
2-3  for  a  50  percent  probability  of  perception.  Probability  of  detection  vs. 
normalised  S/N  Is  shown  In  Flyura  2-21. 

Expert aents  have  shown  that  when  this  procedure  Is  followed  for  visible 
light  systems,  the  calculated  probability  of  perception  for  the  target  equiva¬ 
lent  bar  pattern  Is  within  10  percent  of  that  measured  for  the  actual  target. 
2.U.5  SENS 00  RESOLUTION  REQIRCMCNTS  -  INFRARED 

Since  the  resolution  and  sensitivity  have  historically  characterised  by 
separate  parameters,  we  will  treat  them  separately  In  this  report,  recogn¬ 
ising,  however,  that  they  are  fundamentally  equivalent. 

An  estimate  of  the  required  sensor  resolution  may  be  obtained  using  the 
Johnson  criterion  and  replacing  the  target  by  a  bar  pattern  of  frequency 
given  In  Table  2-3.  The  problem  now  reduces  to  detecting  the  bar  pattern. 

In  choosing  the  slse  of  a  sensor  resolution  element  to  best  detect  a 
bar  pattern  there  are  two  confllc  I ng  cons  Ida rat  Ions  - 

1.  The  larger  the  element  slse,  the  larger  the  throughput 
In  the  element  «dien  looking  at  an  extended  source. 

2.  The  larger  the  element  slse  the  smeller  the  NTF,  I .a.,  the 
more  difficult  It  Is  to  sea  contrast  between  the  black  and 
whit#  bars. 


Flqmr*  2-2*.  Probability  V».  NoomI I ;ad  SNM0|.  For  any  Probability  Valua, 
obtain  SNftgi  from  Tab  I a  2.2-1  for  SOX  Probability.  Find  Valua 
of  k  for  daalrad  Probability  and  Miltlply  Valua  of  SNRqj  by  k 
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BCST  ESTIMATE  OF  tMISMOLD  SNA..  FOA  OtUCTICA, 
AICOCNITION  AM  IOC  NT  IF  I  CATiAn  OF  INAfiCS 


A*  Threshold  SMfi  for 

TV  Linos  Spot l«l  Froouoncy  (llne/’lct. 


9*r 


ilscrlnlnet Ion 
level 

Bocfcff*  und 

Mini  owa 

01  no  ns.  on 

100 

of 

300  $00 

m 

Dot  set  Ion 

Uni  fora* 

1 

e- 

-  2.0 
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fSlrC* 


!t  Is  shown  Ifi  Appendl*  II  that  the  opt! 


detector  size  for  a 


parfact  scanning  system  Is  the  width  of  a  black  bar.  Tha  da tact  or  slza  at 
which  tha  black  and  whlta  bars  ara  indistinguishable  (KTF  •  0)  Is  tha  width 
of  a  black  plus  a  wilt  a  bar.  Tha  optima*  resolution  for  an  Imperfect  sansor 
Is  sanat^wra  batwaar  tha*#  two  Halts.  Figure  2-22  shows  tha  optlmua  de¬ 
tector  slza  for  various  targets  as  a  function  of  range  for  both  detection 
and  recognition. 

2. 4. 5.1  Sensitivity  ^flllirUTIIl 

It  Is  assumed  that  the  sensor  must  be  able  to  provide  tha  display  S/N 
dictated  by  the  Johnson  criterion  at  tha  ragui rad  spatial  frequency  as  shown 
in  Table  2-). 

Append!*  I  shows  that  the  semltlvity  required  o*  a  device  to  perceive 
a  given  target  contrast  or  temperature  difference  at  tha  scene  Is  a  function 
of  atmospheric  conditions  and  that  the  effect  of  etmosphera  is  to  degrade 
temperature  difference.  Thus.  If  a  temperature  difference  of  IO*K  exists 
between  a  target  and  its  background  and  th*  atmospheric  transmission  between 
the  target  and  sensor  Is  0.1,  than  the  sansor  must  be  able  to  detect  a  I  *K 
tenoereture  difference  This  approach  Is  *onswhat  optimistic,  since  the 
analysis  of  Append!*  I  considers  only  energy  losses  from  absorption  and  scatt¬ 
ering.  (A*  pointed  out  earlier.  It  does  not  consider  that  multiple  scatter¬ 
ing  causes  a  blurring  of  a  point  source  as  well  as  energy  loss  and,  there¬ 
fore,  a  degradation  In  MTF . 

figure  2-2J  to  2-24  she**,  the  required  sensitivity  for  an  affective 
scene  difference  of  10**  as  a  function  of  atmospheric  conditions  and  wave¬ 
length  bands. 
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EFFECTIVE  AT  <  »C ) 


RANGE  T'imo 


2-2A,  U«oi  Vt.  Effoctl v«  At  for  Nodli*)  an*  Noovy  Fo<}  -  J-5  J*. 
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2.  U.f,  ftEftf Oft NANCE  Of  AN  IDCAi  SYSTEM 


The  performance  of  on  deal  non-i ntegret 1 ng  post  ve  tyttr  s  derived 
In  Appendix  II  end  presented  In  fi gures  2-27  2-33. 

This  formulation  represents  the  ultimate  performance  of  e  single  ele¬ 
ment  sensor  system  optimized  to  perceive  e  target  et  e  given  range.  It  should 
be  emphasized  that  the  i nstenteneous  FOV  s  optimized  at  each  range  as  dictated 
m  Appendix  II,  so  that  the  curves  shewing  performance  as  a  function  of  -enge 
should  not  be  Interpreted  as  the  performance  achievable  by  a  single  system, 
but  rather  the  locus  of  the  best  performance  of  optimized  systems  at  each 
range. 

Figure  2-27  shrmes  the  minimum  effective  scene  temperature  difference 
required  for  target  recognition  by  a  3  -  5  micron  system. 

This  system  has  a  single  element  detector,  1*  fOV,  and  2  hi gh  collect¬ 
ing  optics.  The  optical  NTT  )$  normalized  to  unity. 

Figure  2-28  shows  the  performance  of  the  correspond! ng  8  -  lb  micron 
system,  also  Ignoring  HTF. 

Figures  2-29.  2-30  and  2-31  prpvide  multiplicative  factors  for  the 
(mum  resolvable  temperature  If  one  wishes  to  use  a  field  of  view  or  collect¬ 
ing  jptles  other  than  I*  FOV,  or  2  Inehes  diameter,  or  more  than  a  single  de¬ 
tector.  respectively.  Figures  2-32  and  2-33  provide  the  information  neces¬ 
sary  to  compute  the  optics  HTF. 

The  T  sensor  Is  computed  as  follows 

*  f3 

HTF 


sensor  "  ^norei  sensor 
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(M.llf  1 


FI*,™  2-M.  It.I.lpll.MI*  F^,or  ,uw  of 


2-3).  Optical  tabulation  Trantfar  Function 


where: 


norm  UMer 


This  it  the  minlmv  £  T  obtained  from  the 
normal  lead  tantor  (taa  Flyura  2-27  or  2-20) 


' I 


factor  that  accounts  for  flald  of  via**  (taa 
Flyura  2-29 


factor  that  accounts  for  oytlcs  diameter 
(taa  Flyura  2-50) 


factor  that  accounts  number  of  datactad 
elements  (taa  Flyura  2-52) 


HTF 

SHIFT 
CCNCRAL 

back  and  forth  scan  systems 


Modulation  Transfer  Function  of  Optics  (taa 
Flyura  2-52  and  Flyura  2-55) 

JZl”  1” 


with  Interlace  are  prone  to  display  verti¬ 


cal  lines  with  stayyar  If  tome  form  of  phase  shift  correction  is  not  employed. 

It  can  be  shown  that  the  affect  of  a  phase  shift  (0  In  the  channel  amplifiers 
Is  to  deyrade  the  system  HTF  by  a  factor  cos  .  Clearly,  It  Is  desirable  to 

make  ^  as  smal I  as  possible  over  the  entire  spatial  frequency  ranye  of  an  Imay- 
iny  system.  One  method  of  dolny  this  is  to  make  use  of  the  fact  that  the  phase 
shift  produced  by  an  amplifier  Is  rou^iiy  proportional  to  the  frequency. 

For  a  stynal  I  put  to  the  channel  amplifiers  of  sin  ((*/«)  the  output 
will  be  sln((|y/x  *0).  This  may  also  be  written  as 


sin  £  (*/(*  *  x  (U/) 

*d*era  x  (L/)  ,  the  apparent  displacement  for  spatial  frequency  (*/  Is  ylven  by 

*  U)  -fyj- 

If  (0)  were  precisely  proportional  to  the  frequency,  than  x((^  would 
ha  Independent  of  the  frequency  and  the  Imaye  would  appear  sharp  but  displaced. 


] 


It  xeuld  have  opposite  displacement  for  the  other  scan  direction  and,  for  Inter¬ 
laced  systems  Ilka  those  built  with  eoeexon  nodules,  would  produce  a  steyye red 
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vertical  iMf«  from  e  straight  vertical  object.  This  image  would  appear 
wider  to  a**  HTF  measuring  device,  and  this  la  what  causes  the  system  *TF 
to  be  degrade  y  the  cosine  factor. 

Phase  shift  can  be  corrected  by  Introducing  displacements  into  the 
display  device  which  will  bring  the  images  of  the  two  interlaced  fields  back 
Into  line.  In  the  common  nodules  system  this  Is  dona  by  naans  of  a  lens 


in  the  interlace  glebal  placed  so  that  it  novas  very  slightly  from  side  to 
side,  displacing  the  Image  in  different  directions  depending  on  «rf*lch  Inter¬ 
lace  Is  being  scanned. 

In  reality,  (fo  is  an  arc  tangent  function  of  frequency  and  not  exactly 
proportional  to  (*/.  Also,  there  are  variations  between  detectors  and  amplifiers 
which  change  the  amount  of  phase  shift,  and  hence  apparent  displacement,  be¬ 
tween  channels.  The  phase  shift  Ians  can  produce  only  one  displacement  for  ell 
frequencies  and  channels,  so  the  magnitude  of  this  correction  should  be  chosen 
to  produce  a  sort  of  median  di spiacement ,  thus  minimicing  the  differences  to 
each  extreme. 

The  apparent  displacements  due  to  two  channels,  one  at  each  limit  of 
high-cut  frequency  tolerance  and  each  coupled  to  detectors  of  different  time 
constants,  represent  the  worst  case  limits. 

The  MTF  due  to  the  phase  shift  after  correction  Is  then  | 


Tp,  LJ)  -  cos  « p -U X,) 

where  x#  Is  the  displacement  produced  by  the  phase  shift  lens  for  yne  Interlace 
(or  half  the  peak-to-peak  displacement  between  Interlaces). 
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1-5.2  AVJMfrt  SL.*P*ST  CAS|  PHASE  SHIFTS 

An  HTF  or  NAT  measurement  Involves  several  channels,  not  all  (or 
not  any)  of  tdtlch  nay  be  worst  case  channels. 

We  May  assume  that  the  effective  phase  shift  will  fall  closer  to  the 
nominal  phase  shift  than  the  worst  case  tolerance  values.  Assuee  the  avera9e 
tolerenci  as  being  some  factor  Y  times  the  Maximum.  Now,  one  must  establish 
the  value  of  which  would  represent  a  real  situation  as  far  as  the  distribution 
of  pole  frequencies  Is  concerned.  If  we  asstate  that  the  distribution  of  fre¬ 
quencies  Is  Gaussian  and  that  55  percent  of  the  area  under  the  Gaussian  falls 
wltMn  the  tolerances  on  the  frequencies,  then  50  percent  of  the  area  under  the 
curve  Is  contained  between  Units  tdtlch  are  approximately  one-third  of  these 
tolerances.  The  residual  phase  sh'ft  HTF  will  be  calcu¬ 
lated  for  hl-cut  frequency  Units  thleh  are  one  half  the  specified  tolerance 
Units  (Y  •  0.5).  The  detector  tine  constant  Units  wl  II  be  taken  to  be  one 
and  four  microseconds.  The  larger  of  the  average  residual  apparent  displace¬ 
ments  will  be  converted  to  phase  shift  and  used  as  the  argument  of  the  HTF  co¬ 
sine  factor  when  calculating  system  HTF.  Table  2-4  gives  the  resultant  hl-cut 
frequencies  In  kM(  and  equivalent  spatial  frequencies  for  a  30  frame/sec  scan 
rate. 

T*»LU± 

TYPICAL  "AVERAGE”  ELECTRONIC  HI CM -CUT  FREQUENCIES 
WHICH  04 TE RHINE  RESIDUAL  PHASE  SHIFT  HTF- SCAN  RATE  •  30  FRAHES/SEC 


Nl  Phase  Shift  . 

Lo  Phase  Shift 

Channel 

Nomi  nal 

Channel 

Channel 

(bHt) 

(cycles/nr) 

(kHt) 

(cycles/nr) 

(hH*) 

(cycles/m 

Detector 

J9.i 

10.7 

43.4 

17.2 

159 

43 

Preamp 

92.5 

25 

105 

28.4 

117.5 

31.8 

Pott  Amp 

90 

24.4 

no 

29.8 

130 

J5 

59 


Th«  apparent  d i sp lecements  due  to  phasa  shift  In  thesa  channels  era 
plotted  In  Flyura  2-Jh  alony  with  worst  case  hlyh  and  low  displacements  and  the 
displacement  for  a  nominal  channel  coupled  to  a  2.5  microsecond  detector. 

The  horizontal  line  at  0.125  *  0A5  Is  the  displacement  selected  to 
be  removed  by  the  phase  shift  lens,  ho  apparent  displacement  for  any  chan¬ 
nel  Is  more  than  0.25  *  BAS  away  from  this  correction  line.  As  another  ad¬ 
vent  aye.  this  amount  of  correction  tends  to  maka  the  worst  case  displace¬ 
ments  approximately  equal  for  hlyh  HPT  spatial  freyuancies.  This  means  that 
the  back  scan  and  the  forth  scan  will  be  In  reylster  for  this  frequency,  which 
Is  likely  to  be  the  most  critical  when  measurlny  HPT, 

Flyura  2-35  Is  a  plot  of  the  HTF  caused  by  the  residual  phase  shift, 
the  difference  between  the  apparent  displacement  caused  by  the  residual  phasa 
shift  lens  and  the  displacement  of  an  aver aye  channel.  This  has  bean  approxi¬ 
mated  by  the  phase  shift  equivalent  of  a  constant  displacement  Independent 
of  frequency  (0.%5  *IAS) .  This  Ipeds  to  a  residual  phase  shift  HTF  of 

T  (f)  -  cos  (2  TT  f  (0.A5  DAS)) 
where  f  Is  now  an  object  spaca  frequency. 


\ 

\ 

\ 


FiqureJ-JS.  HTF  Caused  by  Residual  Phase  Shift  V*.  Reduced 

Spatial  Frequency.  Dashed  line  thorn  approximate 
HTF  due  to  phete  shift  If  no  phete  shift  correction 
It  used. 
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a.  5.3 


g*Sf  CPHSIPIMTIOWS 

Figure  2-^1  fe  Is  a  simplified  drawing  of  the  Mechanical  scanner.  The 
Mechanical  scanner  serves  a  dual  purpose;  scan  of  the  IK  beam  or  one  side  of 
the  Mirror,  and  synchronized  scan  of  the  visible  display  via  the  opposite  sur¬ 
face  of  the  Mirror.  The  scanner  has  two  ginbal  axes,  the  azimuth  scar  axis  and 
the  elevation  interlace  avis.  Since  the  scan  mirror  motion  is  back  and  forth 
In  azimuth,  time  delays  In  the  signal  processing  electronics  (phase  shift)  will 
mls-reglster  the  inages  scanned  In  opposite  directions.  Incorporat ion  of  a 
phase  shift  lens  in  the  visible  optical  path  corrects  this  shift.  In  effect, 
notion  of  the  phase  shift  lens  produces  an  optical  shift  of  correct  magnitude 
to  produce  registry  of  the  images  when  scanned  In  both  directions. 

The  phase  shift  lens  is  mounted  on  the  elevation  interlace  § inbal . 

As  can  be  seen  by  Figure  2-36(1)  0  rotation  of  the  elevation  interlace  glmbal  can 
be  resolved  Into  motions  (X  and  ft ,  which  correspond  to  azimuth  and  elevation 
respectively.  The  motion  of  the  phase  shift  lens  in  azimuth  can  be  expressed 
as  rQ^*  Since  all  other  optical  lenses  In  the  visible  optical  train  are  fixed, 
r G(  motion  of  the  lens  produces  an  optical  shift  in  azimuth.  The  magnitude 
naturally  depends  upon  the  parameters  as  shown  in  Figure  2-36(01.  distance  r,  and 
focal  length  of  the  phase  shift  lens.  Varying  the  focal  length  of  the  phase 
shift  lens  can  accormodate  any  desired  combination  of  scan  rate  and  scan  angle. 
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Tha  alavatiOft  motion  l»  itttmt'wd  by  the  intar'aca  r*- 
qulrawantt  of  tha  t*  da t actor  array. 


T»*!»» 


rifura  2-37 
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AtLATIOMSHlf  ord  T0  B  TO0.  Sn  flfwr.  2.}7 

Cons i  der  «  tmal  I  rotation  of  tho  lino  about  0  movlnf  point  A 
to  A' ,  a  distance  X 

Than  tan  0  •  or  1.00  0  - 

or  1.55  0C  • 

or  2.00  ft  - 

Equating: 

1.155  a  -  *£"  -  2j3  or  a  • 

'•00  0  -  £  -  ifl  or  0  - 

Aafarr  I  nq  to  Fl9«re  2-3  6  tho  relationship  of  imaqe  motion  on  both  IN 


risible 

•Ida  It  1:1  with  -j’and  2:1 

wlthQC  . 

Nance: 

0  ■  i/0'  -  i/3 

*0t  •  20C  -  2  -  I.7J7 

ft  m  y  utM  ft 

da  knot 

•  from  Flyura  2-36(A)  ft  • 

0.75  mr  • 

AttlM 

r  In  f S  9ur*  2-36(6)  •  t.200  Inch. 

Nance: 

0  -  2  @  -  2a  0.75  mr 

-  1.50  mr 

*(X  -  j3  •  ).*t6*  *  0.75  mr  •  2.60  mr 

rO C  -  1.2  a  1.7)2  a  0.00075/Inch  •  0.00156" 


...a  -  «p- 


f 

+■ 

t- 

1.732^ 

1.00  /3 


flfurat  2*34,  2*39  and  2*60  qraphlcally  lliuttrata  tha  principle  of 
operation  of  tha  phase  thlft  lan«.  tinea  It  l«  located  In  the  eolllmatad  beam, 


♦It  thouid  be  noted  that  In  actual  operation  QC  "  I*  canealled  by  an  aqua  I 
and  opposite  motion  Ct  .  See  f I qure  2*36. 


OlplicMMt  produce*  m  enquler  dlfplKtntnt  of  the  collimated  boon.  It 
will  l»r  noted  that  en  opposite  end  equal  power  len«  If  u*ed  to  nullify  the 


power  of  th«  lent  on  the  collimated  optical  bean.  The  nwlllfylnf  lent  If 
naturally  not  attached  to  the  pheae  shifting  lenf  end  hence  ftayf  fined  In 
the  optical  bean. 

The  focal  lenqth  of  the  phafe  fhlftlnq  lent  can  nw  be  calculated. 
Uf inq  the  phaae  fhlft  of  0.1175  mr  •*  en 


With  a  2,649  Inch  focal  lenfth  IR  I  mef  I  nq  lenf,  the  anfle  for 
a  typical  tytt««  If  0.75  nHllredlen.  $ae  Tlfure  2-41.  The  fcen/lntar laca 
mirror  If  in  ♦ront  of  the  lent  and  hence  the  Interlace  motion  mutt  tilt  the 
collimated  optical  bundle  0.75  mllllredlen  In  elevation. 

flfwre  2-42  lhowi  the  physical  err  an  front  of  a  typical  syttoa.  do¬ 
tation  about  **lf  2-4J  feneratet  the  /Jenpuler  notion.  The  not  Ion  (Redout  the  In¬ 
terlace  ax  I  a  can  be  revolved  Into  rotetlontO  and  $ ,  atlmwth  end  elevation  re- 
npectlvely.  The  relationship  It  thmtn  In  riyura  2-4J.  hotat I nf 0 1 rent  I atet 
point  4  to  4’,  hence  0  can  be  resolved  Into  OC  4  (3  ,  where  OC  •  0.166  0 
and  (3-0.50.  Imeye  motion  It  2:1  wlthQ(  and  1:1  with  (l  .  Slnce0-I^9 
and  the  repul red  (3  -  0.75  «n,  the  required  Interlace  exit  rotation  •  1.5  or. 
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Fi^uet  i-4) 


I.S.5  WISC  SHIFT  ICW-VtCTOA  9CMVATI0N 


In  the  p rev  low*  taction  the  ;k:t«  *hlft  le«*  calculation  mm  node  utlng 
* tender d  lMl«r  MMtUm.  An  alternate  approach  can  M  tehen  utlng  vector 
no* •*  ten.  The  tlnpllclty  of  thl*  notation  mum  th*  eoe'y*li  cooler  to  folio*. 
In  order  to  woe  vector  notation  the  following  procedure  It  weed. 


*--r-  r"»»  , 

•  pr.c#  (ten  (urtitLf 

Sot  up  coordinate*  about  the  appropriate  ana*  In  the  teen  000010,  the 

■-a* I*  coincident  with  the  naolnal  output,  the  y-ealt  coin* 

cldent  with  the  Input  baao  free  the  vltuol  cellloator  thro'jgh  the  photo  thlft 

lent,  and  the  nlrror  scan  rotation  pal*  neolnally  vortical,  alone  the  *-aal». 

Define  the  following  ouantltle* 

4.  H  are  unit  vector*  along  the  coordinate  eae*. 

n0  I*  a  unit  vector  no  roe  I  to  the  nlrror  whan  the  *can  rotation 

a* I «  I*  eaectly  vertical  (whether  one  Interlace  coincide*  eeectly 

or  not  with  thl*  aai*  depend*  upon  « label  potltlo  *top«  and  doe* 

not  effect  en*wer). 

-a 

•  I*  the  global  eal*  or  oora  precl«ely,  a  rotation  about  the  global 


let  a  • 


•  *  “J"  J  ♦  V+“  •  * 

“V  Jk/  A 

-J  a  he  a  vector  In  the  direction  of  the  Input  Then  a  •  a  I  I* 


the  output  at  center  *can  when  the  nlrror  aal*  I*  vertical 


Now  allow  the  global  rotation  to  be  applied  end  find  the  ctewfei  In  the 


elrrer  norwal  and  output 


»t«  ft,  -  i  -f-  j  ♦  •  $  i  %  iY|_  f .  £i_  Q 

•  -i.YT  .  ?Vp_  .  J jjS.  _ 

■ T-  •  '  *  T-  ,  J  .  •  ft 


I 

The  vector  for*  of  the  lew  of  reflection  from  plane  Mirror*  I*  (Ivon  In 
tool,  A—l  lee  Optic*,  fepe  347.  for  e  general  object  *,  the  I  wage  of  thl* 
object  Is  given  by: 

-*t  -»  .  ,  A  A  .  A  A 

•■a*  2  (sen)  n  where  n  I*  a  unit  vector  In  the  dir¬ 

ection  of  the  Mirror  noreul. 

-*  A  A 

The  Initial  case  of  a  -  •  a  Ji«'  •  1  1  can  be  checked  with  this  equation 
If  m  era  Interested  In  finding  the  center  scan  change  In  a1  when  the 
global  rotates,  the  plane  reflection  law  oay  be  differentiated. 

A  •  '  -  *2  A")  n#  -2  U  •  n*>A"" 

Use  the  value  of  A"  calculated  above  to  detemlne  the  output  vector  change 
-2  (  a  0  •  *2  eV*_  , 

-•-f  •  •  .\f  J)  .Vi  .  (i  ,  f 

’M"  •  •  •  *«J  *4-  •  #  i  >X^-  .  *  J  -  J_  , 

.  .,A 

_ ^  V  2 


An' 


A.' 


A 

t  K 


t He, component  ofA«*  divided  by<  a*  I  .  a  Is  the  Interlere  engle7 

7.  4-**  .+ 


-71- 


Th*  other  consonants  of /^e1  con  be  nay  I  acted  kacMK  they  effect  the 


Infrared  aide  In  a  wanner  which  jeat  cancels  out  the  effect  an  the  visible 


Thl*  cowet  Ion  I*  turned  around  to  five  the  yinbel  rotation  enyle  necessary 

for  the  orooar  Interlace  enyle.  7  -  0.75  nllllrodlen, 

Ho«  the  wot  Ion  of  the  phase  shift  lens  way  be  calculated  Lot  the  pot' 

-*  A 

It  Ion  of  the  phese  shift  lens  be  r  •  r  J  as  shown  In  the  sketch 
1  r  •  notion  of  phase  shift  lens  •  •  m  r 


l~T~  t  •  ft  )  *  r  J  •  •  *1  »  r  I 


This  notion  Is  horizontal  as  expected  Actually,  as  r  rotates  away  fron 
ty  y  axis ,/Nr  will  start  to  have  swell  eon pononts  eiony  j  and  h.  However, 
since  only  the  end  points  of  the  notion  ere  used,  these  conponents  can  be  nof* 


Thus,  the  anount  of  phase  shift  lens  notion  Is: 


« 4“  • r  •  +  V  J  •'  f 

Since  /•  0.75  el  1 1 1  radian  Is  the  peak  to  peak  Interlace  enyular  chenye,  care 
nust  be  taken  to  choose  the  focal  lenyth  of  the  phase  shift  lens  so  es  to  pro¬ 
duce  the  peak  to  peak  dlsplacenent  reyulred.  This  dlsplaconent  Is  usually 


twice  the  value  calculated  In  the  electronic  analysis  since  It  Is  based  on  one 
seen  direction  only 


I 


1 


2.6  H«T  6  WOT 


fhe  system  minimum  resolvable  temperature  (H*T)  end  minima"  detectable 


temperature  (RbT)  Is  e  measure  of  predicting  the  probability  of  a  viewer 


re ,090 i *  I np  the  features  In  e  thermally  radiating  target . 

In  order  to  calculate  and  ,  the  signel  transfer  cherecterlst les 
end  noise  characterlst ics  of  the  thermal  Imaging  device  end  the  eyeball  mutt 
be  known  Signal  transfer  can  be  represented  by  the  modulation  transfer 
function  (RTF)  and  the  noise  characteristics  are  specified  by  the  noise 
equivalent  temperature  difference  (NC^T).  This  section  closely  fol  lows  Hatches 


development  for  RRT.  de  will  state  the  necessary  mat heme t leal  relationships 
end  not  attempted  to  derive  them.  The  reader  Is  referred  to  several  papers 
at  the  end  of  the  teat  for  derivations. 

The  RTF  of  a  System  must  take  Into  account  the  Individual  RTFs  of  the 
various  components  such  as  optics,  atmosphere,  detector,  display,  eyeball , 
etc.  The  transfer  functions  are  the  fourler  transforms  of  the  goemetrlc 
spatial  functions  and  the  magnitude  of  the  transfer  functions  Is  the  RTF . 

The  RTF*  of  seme  typical  elements  are  given  below' 


QfTICS 
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(A)  -A  (l-A*| 


A  *  A  %  *„/» 

X  •  wavelength  In  microns 
I  ■  focal  length  In  ml  cons 
f„  •  spatial  frequency 
(cyeles/mr) 


onctTOA 


The  detector  acts  as  a  spatial  filter  In  the  horltontel  or  vertical 
direction,  due  to  Its  geometrical  angular  subtense  In  the  fecal  plana  of  the 


oat Ics. 


Hdot  (**)  •  tin  ( 


tm  X) 

*m  •  teetlel  f reoooney 
■  •  Intfnf neowt  F.O.V. 

The  detector  time  coot  tent  He*  the  effect  of  1 1*1  tint  the  tpetlel  re* 


tponte  of  the  detector  es  e  function  of  teen  velocity 


CLtCTHQfUO 


^Jd*  -  Id# 

Point  of  detector 

feeMMe 

iVl^VfTIV 


The  pett  tend  of  the  electronlct  elto  llettt  the  (VTf.  Utlnt  e  tittle 
PC  cl  rcul  t  rol  I  -off 


H  .  (F)  -  I 

*'*et  [I'Hf/fo)^  ,/2 

H5UAY 

If  en  ICO  dltpley  It  uted 

\t§  (f«)  .  tm  rrrf*  *)/{irfn  x) 


f©»  freguency 
fo°  )*dl  freeuency  of 
roll  of  network 


For  e  COT  dltoley 

Mcrt  *  *"*  ***  f*  * 

et tuning  e  Uewttlen  tpot  thepe,  where  e  It  the 
verlence  of  the  dlttrlbutlon  In  eyelet /er 

mmmuL  viywip 

If  vlhretlon  con  not  he  removed  entirely  tome  blurring  will  retult.  A«. 
iietlng  nechenlcet  vlhretlon  to  be  rendom,  enother  geuttler  dlttrlbutlon  retultt. 


NkOS  *  **0  (•*  **) 


P  It  celculeted  from  the  verlenee 
of  vlhretlon 


The  *TF  o'  the  eyebel I  beted  on  work  by  Rornfeld  4  Lewton  hot  the  fore 

Heye  (Fk)  •  oTf*/n 

H  •  tytten  eegnl fleet  Ion 
P  •  deoendt  on  the  logertthwn  of 
the  light  level  or  everege 
dltpley  bright nett 
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0.1  ■*»  LO-.  In  #L) 

.•1333 

3 

953* 

2 

1 .0960 

1 

1 .4650 

0 

1.6300 

1 

2.2773 

2 

2.7653 

3 

3.3347 

4 

3.9040 

5 

The  noise  equivalent  temperature  difference  (b€AT)  of  e  system  I*  e 
measure  of  detector  sensitivity.  K At  based  on  peek  s lynel-to-ms  noise. 
The  equivalent  noise  bandwidth  Is 

.* 

AFn  -J  5(F)  ^tua  <*)  K2!  <*>  W2*®  <*)  * 

S (F )  •  normalized  nolee 


spectrlua 

If  S(r)  Is  white  the  equal  I  an  reduce  to 

AFn  -  TT H.  A  Fa  •  7^/2  |-jy| 

The  Inverse  of  the  dwell  tlae  T Is  $lven  by  the  maAer  of  resolution 
elements  per  second,  or 


_L  .atit 
r  a 


*A. ' 


sc 


0(1  I  are  horizontal  and  vertical  fields  of  view.  Fr  is  the 
frame  rate  MovSC  Is  the  overseen  rates  n  Is  the  number  of 
detecto'S  In  parallel  A  *  enddy  are  the  IF0V‘e  In  *  and  y, 
and1|sc  Is  the  scan  efficiency. 

For  a  detector  noise  Halted  system 

,4,  .  ^  «'« 

W  T„  r.  y7  f.f  -A 

aA 
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F  l«  the  objective  F*n«mber,  It  the  bo tec tor  tree  In  teuere 
cent  I  meter* .  T#  It  etaotpherlc  t  renew  1  si  Ion  over  the  peth  the  MEAT  It 
feetureb,  T0  It  the  oeticel  treninlit Ion,  A  /*  It  the  tpoctrel  bend  pett 
It  the  thot  nolle  limited  tpeclfic  detectivity  which  It  independent 


of  the  detector  field  of  view,  M  It  the  mmbor  of  detector!  In  ter let . 
N/lT  It  the  tempereture  der-etlve  of  thp  Mpnc*  red’etlor  epuetlen 
2.4.1  MPT 

TV  mmeum  reeultaMr  temperature  difference  (UNIT)  In  Ike  MMM| 
direction  m  defined  u  the  mintmutn  temperature  difference  needed  to  nwhr  a  dnd 
erd  four  bar  pattern  with  7  I  aapret  ratio  urimted  vertical  to  the  aeon.  MRT  wii  bee 
function  of  her  frequency  The  MKT  am  hr  eekidelcd  once  the  fft  AT  end  i  j ■pence* 
MTF t  hetc  been  computed,  end  it*  form  m  dented.  In  the  eeanning 

direction,  i-r..  the  ben  unrated  vertically ,  MKT  » fpvm  by 


_  *'(,<?<<,>  *4 
<f.>  Af.  Stytovec 


where 


5NK  s  wgnai  ratio  wri-r— n  in  m-apwu  thr  four -tut  pet  term. 

%rr>niT^»>  11  HPT  *  ,,iert  *,,MTT  ’•'nilt  *••§  *,(p#ut  ***m 
At  --  '  rival  IKOV  m  me 

t  *  drlrv  tor  m  an  »Hitdl\  m  mr  per  enmi 

ft  e  larprl  frrqwetH  i  in  «-y  rtra  prr  me. 


*  frame  rdf  pet  wt-ond 


*  eyr  integration  lime  *  2  rertmd 

*  iww  power  tperlrum  uttl  of  detector 

*  target  fihrt  function  uf  ber  width  w 

*  mw  fdlrt  function  from  detector  to  dnptay 
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An  MKT  »i  thr  vertical  ikn  l«m.i  ^  Imt>  paraMrl  In  |hr  aean  ilnrflwn  r*n  I *  dr 
Imtti  anil  *>  pirn  k> 


MKT  ((f )  «  SNR 

■hm 


t*  Ht  AT 


Ay  »f,  QQ 
Af«  N*»Ro*«: 


lrrKror<f,)=  "on  •  ".*7  •  Hwlo  »W  »u*  *  »M',> 


*  U<p  I  (rrt|unit  y  hi  cade*  |rt  mr 


QQ 


m  m 

if  f  s<(.  hi’,  ((.  m;<c,  ((,  *; 

»  Itrp  l  Wlrr  (whImmi  i»f  lar  kro«tt<  I  * 


d*f 


TW  arrival  MKT,  »*«  ■litHi  *am|»ln*-  rffrtli  arr  «fr»(rtl  iwt,  w  in  illrmpl  It  wwi4rr 
Roaeffrcta  of  wrtin!  irttlninw  mt  o«rraN  *v  ilrin  prrfttmMHr  h  t»  atilt  a  ruaitco 
wrtuil  ijiimlih  anti  I11I1H1  HnwlHiilrd  lliiwtrt  VV|  t  achvrly  ■  ngageH  m  [iiiramm 
Nut  omnpl  a*  a  of  •film  Mwwif 

Figure  iHutlnlr*  Ihr  fn»m  of  MKT  M  arft  frryano  f  ,  Ikrtr  a  a  mt«H 

•«  mfH’talon  iWIrmno  AT(  In  rrailw  Ihr  fnvr  Mft  TVft  »  a  frr 

f„  al  wlndi  ll»  MKT  IrmiiM  wftinli  (llir  MTf  tyiib  mu),  ml  no  imoanl 
®f  ngnal  «iM  lk»  latra  For  a  *>*t*i«  wtth  no  rirgreiljliun  after  the  detector  fR 

I  to*  f*'»  ifViinil  •«f  I  In  I  H>\  Mlhtmpli  Kara  ran  l)nin‘lrill>  k  rrwilwd  herond 
♦Kh  fnumnr*  l«  am  uf  ikr  »inp  of  llo  «m<  film  In*  pra  lraHy  tl  m  a  larnl  to  ayn- 
Icia  irmklnn  Rr»l  aMrmi  attain  «m«I«  Wl  In  te  pwiH  of  Hw  theoreticol  cutoff  fR 
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l.k.l  «RT 


The  minimum  drier  tabic  trmprratuct  (MOT)  of  a  Hiwul  4ik»  M 
defined  m  IN  mmtmum  trmprraturr  difference  between  •  wyuave  (or  rtrrular)  ff< 
and  the  barhgrtttind  mrrwary  foe  an  nbarmi  la  perceive  Hie  niau  Ihroa^i  the  dr  Her 
MOT  m  thm  a  fimrlmn  of  largri  war  and  rrprraentr  I  hr  tk/eahrdd  detection  capability 
of  the  ayatrm  It  ran  Ur  derived  (rent  the  tame  apial-to-nater  eiprraaon  aa  that  need 
la  derive  MRT  The  reauft  •  * 


Ay  *  target  area  in  aqtiarr  indbradtana 
S'  *  llerdwM  fial  to-nmar  ratio 

WT  *  target  Iran  .form  *  llL  a  M% 

H0  *  total  drew  and  ryebaM  MTF  «  MTF^ 

ft  pure  J**5  iRutlralet  the  form  of  MDT  aa  a  function  of  reciprocal  targrt  Mae 
Far  any  target  war  a  m  mdhradiani.  there  ta  a  AT0  which  m  the  minimum  temperature 
difference  werraaary  for  the  target  to  Ur  delected  There  it  na  aaymptate  far  MDT  aa 
there  ta  far  MRT  Unce  any  ate  aaurre  ran  be  detected  If  Hot  enau^i  An  arbitrarily 
anaR  target  can  be  detected  if  ita  wgnai  atrength  it  large  enou|^  la  eactte  one  IFOV, 
iM.,  a  thermal  device  it  capable  of  “atar  detection 


seer  I oh  m 


SYSTCH  Of SIGN  CONS  IOCMT  IONS 


Althoufh  tha  Indlvitfiiil  nodule  pw»r  41  ••  I  pat  ion*  irt,  with  tha  an  caption 
of  tha  Coolar-lnvartar ,  vary  low,  adajwata  tharnal  ayatan  daaifn  It  aaaantlal 
for  aatlafactory  parformanca  of  tha  ayatan. 


Tha  aatlmatad  dlaalpatlon  of  aaeh  modula  la  aa  follow*: 


II aa  Aapulator 
w«Lactor-Oawar/llaa  Pack 
f raampll f lar 
Poatampl I  flat 
Auxiliary  Control 
Scan-Intar laca 
Scannar 
LCD  Array 
Coolar-lnvartar 


.0)  Wptt/Channal  f 1 00  c Hanna  I »  max) 

.01J  Watt/Channal  (180  'Hanna la  wax* 

.61  Wxtt/modula  (70  channala) 

1.67  Hatta/«o4ula  (10  channala) 

2.26  Watta 

3.00  Watta  (60  Ht  unit) 

2.00  Watta 
I .SO  Watta 

55.00  Watta  (66  In  coolar,  II  In  Invartar) 


'  a  powar  diaalpatad  by  tha  flrat  four  modulaa  llatad  la  a  function  of 
tha  nwNbar  of  annaia  uaad  In  tha  ayatan.  In  tha  caaaa  of  tha  Praonpllflar 
and  Pot tamp  I I f lar ,  nor*  than  ona  of  aach  modulo  nay  ba  roaulrad,  up  to  a 
nan i nun  of  nlna  of  aach.  Tha  coolar  poaaa  tha  9raata*t  p rob I  am  for  ayatan 
t  Hama  I  daa  I  *n  both  bacawaa  It  haa  tha  hlphaat  tharnal  dlaalpatlon  and  ba- 
cauaa  Ita  datactor  cool  Inf  parformanca  datarlorataa  at  alavatad  tonparaturaa 
whara  <yood  parformanca  la  moat  naadad  to  carry  tha  I  n  era  a  a  a*  tharnal  load  on 
tha  cold  flnpar.  It  It  moat  Important  to  minimlia  tha  halloa  tamparatura  In 
tha  cyllndar.  Tha  cyllndar  la  haatad  by  tha  camp raa a I  on  tamparatura  rlaa  of  tha 
halloa  *aa ,  by  machanlcal  friction,  and  by  conduction  of  haat  from  tha  motor.  Tha 
Haat  dlaalpatad  In  tha  Coolar  la  about  oaually  dlvldad  batwaan  tha  alactrlcal  loaaaa 
lr  na  notar  and  tha  machanlcal  work  In  tha  comp raaaar.  Natural  contraction  a van  com¬ 
bi  nod  with  conduction  to  convant I ona I  mount  In*  atructur*  la  not  PCOduota  to  provant 
axcaaalva  cyllndar  tamparatura  rlaa.  Clthar  foe ad  convactlon  with  ad dad  f Innod  aur- 
faca  on  the  cyllndar  hood,  or  a  hoot  axehanfor  attachad  to  tha  cyllndar  hood, 
ar  a  combination  of  convactlon  and  haat  axchan*ar  nuat  ba  uaad.  If  tha  ayatan 
la  to  ba  daalynad  with  a  aaalad  cat*. 
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eitcludlny  ambient  #1  r  from  direct  contact  with  tho  modulot ,  It  may  ho  dot  I  r- 
eble  to  provide  o  hoot  eechanyor  tooled  fro*  tho  Internet  olr  In  tho  coto, 
throuyh  which  ambient  olr  It  blown  by  a  fen.  Tho  hoot  oechonyor  con  bo  wood 
•t  tho  mount  I  nf  ttmcturo  for  tho  modulot.  In  portlcuter,  tho  coolor  would 
bo  mounted  with  itt  cyllnOor  hood  attached  dlroctty  to  tho  hoot  emchenyor  for 
yood  thermal  contact.  Tho  Coolor  tho /Id  bo  I  oca  tod  noor  tho  coolott  port 
of  tho  hoot  enchenyor,  that  It.  noor  tho  cooling  olr  Inlot  bofora  tho  olr  It 
hot tod  by  othor  modulot  In  contact  with  tho  hoot  eechenyer.  Tht  Invortor  It 
completely  one  lot od  In  o  nlchel-lron  thoot  motel  coto.  Tho  major  hoot  dlttl- 
pat  Iny  camponontt  aro  mounted  on  tho  Invortor  boto  ploto  or  on  broebott  ot¬ 
tochod  to  tho  boto  ploto.  Thoroforo,  tho  Invortor  It  bott  coo tod  by  mount Iny 
Itt  boto  directly  on  t  hoot  tlnh  twch  ot  tho  hoot  oechonyor  Otter  I  bod  provloutly. 

Although  tho  power  dlttlpotlon  of  tho  othor  flvo  Individual  oloctronle 
modulot  It  low,  tho  cumulative  dlttlpotlon  con  amount  to  o  vary  ilynlflcont 
amount,  otpocially  If  tho  tyttom  utot  o  loryo  number  of  detector  chonnolt. 
Typically  thlt  con  amount  to  olmott  20  wottt  for  o  100  channel  tyttom.  Tho 
thermal  problem  In  theta  modulot  It  Incrootod  If,  ot  It  ufuetty  done,  o 
complete  thoot  motel  thield  anclotet  thlt  yraup  of  modulot  for  WI  protection. 
Tho  ute  of  o  printed  wlrlny  mother  board  for  Interconnect  I ny  theta  modulot 
further  eddt  to  the  thermo  I  problem  by  formlny  o  thermal  barrier  on  tho  bottom. 
Several  alternative!  may  bo  mntlderod  to  overcome  tho  thermal  problem  .  Tho 
relative  need  for  cny  day roe  of  thloldlny  which  mutt  bo  deolyned  Into  a  parti¬ 
cular  tyttom  may  perw't  elimination  of  all  or  port  of  tho  thoot  motol  thield 
or  tho  tubtt I  tut  Ion  of  a  tcroon  thield.  Thlt  would  Improve  convective  cool  - 
Iny  of  thoto  modulot.  Shoot  aluminum  port  It  lore  with  a  flnlth  for  hlyh  thermal 
omlttlvlty  may  bo  located  between  modulot  to  receive  hoot  from  tho  modulot 
by  radiation  end  convection.  They  then  conduct  tho  hoot  out  to  where  It  con 
bo  removed  by  conduction  to  tho  hoot  enchenyer  or  by  convection  to  ambient  olr. 


Another  possible  alternative  Involve*  the  use  of  o  Moll  fan  In  the  Min  iyt> 
ton  houSlny,  which  blow*  olr  throuyh  shielded  openlnyt  in  the  (hoot  Mtol 
shield  to  cool  the  Inside  module*  by  forced  convection.  Although  these 
module*  con  operate  In  eny  ettltude,  hoot  trentfer  by  neturel  convection  from 
the  components  to  the  shield  or  to  the  partition*  previously  went  I  one*  >s 
host  If  the  module  circuit  boerds  ere  mounted  vert  I  colly.  If  forced  con* 
vectlon  Is  used,  the  mount  Inf  ettltude  Is  uninportent . 

The  5 cenner ,  Oetector  Power /lie*  feck,  end  LCO  Arrey  dlssfpete 
little  power  reletlve  to  their  sixes.  They  therefore  con  often  rely  on 
conduction  throuyh  their  nountlnf  surfecos,  plus  neturel  convection,  to 
trensfer  heet  to  the  systen  houSlny.  However,  In  the  over -el I  system  ther¬ 
mo  I  deslyn  It  mey  bo  doslreble  to  provide  conductive  peths  from  these  modules 
to  e  heet  enchanter  to  reduce  the  yenerel  Internet  tempereture  In  the  sys¬ 
tem  houclny. 

The  theme)  deslyn  of  eny  systen  mutt  of  course  Include  cons Ideret Ion 
of  the  hoot  dissipated  by  net  only  the  ceneen  modules,  but  elso  eny  system 
uni sue  modules  such  es  power  supplies,  fens,  and  displays.  In  yenerel ,  the 
outside  surface  of  the  system  houstny  Is  net  normal ly  sufficient  ;e  provide 
edeyuete  system  coal  I ny  by  neturel  convection  end  red lot  Ion  without  serious¬ 
ly  deyredlny  performance  or  reltebllity  or  both  es  e  result  of  encase  I ve  In¬ 
ternal  component  temperatures . 

The  optical  module*  in  any  system  of  course  do  not  contribute  to  heet 
dissipation  other  then  the  Mil  and  Intermittent  amount  which  may  be  ylven 
out  by  an  electrical  focus  control.  However  the  optical  modules  must  be  con¬ 
sidered  In  the  systtm  thermal  deslyn.  Temperature  of  the  opt 1  cel  elements 
affects  the  Inde*  of  refraction  of  each  lens  element.  The  eeeenslen  coef¬ 
ficients  of  the  elements  end  the  lens  mounts  produce  d I men* I one 1  chenmes. 
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The**  affect*  c«n  causa  Significant  change*  In  fecal  length.  In  addition, 
thermal  *«p#n* Ion  of  tH*  structure  «upp©r»ln*  the  various  part*  of  th*  eat  lea 
system  can  result  In  degraded  focus  and  misalignment  ef  tHa  eat  I  cal  Image*. 


The  IN  Imager  module  dee*  have  focu*  adjuateent  which  nay  tea  u*ad  te  refocus 
th*  IK  leaf*.  No  visual  focu*  adjustment ,  ether  then  Initial  shinmlnf,  I* 
pro vi dad  In  th*  common  macula*.  Thermal  factor*  mutt  ha  carefully  can* I  dar¬ 
ed  In  selecting  th*  notarial*  and  laying  out  th*  da* I gn  of  the  *y«tan  struc¬ 
ture  and  th*  mounting  bracket*  supporting  th*  oetlcal  module*  so  a*  to  mini¬ 
mi**  tamparatur*  affect*  on  focu*  and  aHfnmant. 


The  Inherent  reliability  and  maintainability  ef  the  canean  nodule* ,  a 
function  ef  their  dealyn,  Including  choice  ef  component* ,  derating  ef  compon¬ 
ent*.  ate.,  cannot  b*  Improved  at  th*  time  of  their  Installation  and  operation 
In  a  tyttam,  Whet  mutt  be  dene,  however,  It  te  ensure  the  Inherent  reliability 
and  maintained! I liy  of  the  module*  are  net  degraded  by  the  manufacturing  p ra¬ 
ce**  or  by  their  application  In  e  *y«tam.  hpdwles  aim  net  be  used  outside 
the  renge  ef  their  spec I  flc*tl«n« ,  end  the  system  design  meet  consider  the 
fellemlng  deal gn  reaulrenent*: 

(e)  Thermal  reaulrenent* 

(1)  adoeweta  ventilation 

(2)  sufficient  heat* Ink  In* 

(})  farced  air  cooling  If  necessary 
(*»)  module  lecetlen  far  neelnun  heat  dissipation 
(b)  mechanical  reaulrenent* 

(I)  mounting  compatible  with  *l»a  and  malght  ef  module 


and  shock  end  vibration  reoul r aments. 

(2)  ceotlve  type  herdmera  wherever  possible. 


(J)  easily  accessible  aPjwStment  controls  onP  tost  joints, 
(b)  capobl II ty  of  romevlny  o  Specific  node  to  without  removal 
of  other  moPules. 


J.3.1  ACSTAtCTtONS  ON  OPTICAL  NOtUif  M  UCCTICiC  CONF 1CUAAT ION 

Tho  opt  I  col  moPules  I*  looftr,  visual  collimator,  and  scanner  may  ka  as* 
se>01eP  Into  systems  In  a  varlaty  of  ways,  ono  of  »P*lch  Is  shawm  In  Flyura  3-1. 
It  may  ka  appropriate  here  to  point  out  lam  of  tha  rastrlctlons  on  the  con¬ 


figuration  of  Systems. 

(a)  Tha  scan  mirror  has  on* -si  Pa  coeteP  to  maximise  raf  lac  tones  of 
MOO  A  LCO  lloht  enp  tho  othpr  sIPe  Is  coataP  to  opt Iml «e  7.5 
-11.75  mlcromatar  raflactanco.  Therafora  tho  IN  oampononts  moy 
Intarfaca  with  only  two  siPoa  of  tho  scon  nopula  amp  tho  visual 
system  with  tha  other  two  SiPoa. 

(b)  Tha  moPulas  must  ba  useP  so  as  to  p rev I Pa  on  erect  Imeyo  In  tho 
Plsploy  with  tho  proper  ravers  I  on- left  on  loft,  ate. 

(c)  The  moPulos  oust  ha  essaablee  so  thot  tho  operation  of  tho  In¬ 
terlace  affects  hath  IA  anP  visible  si Pas  consistently.  It  Is 
possible  to  hove  the  proper  Inversion  4  reversion  of  tho  Plsploy 
relative  to  IN  object  space,  anP  still  hove  ones  I  Pa  Interlace 

up  when  tha  other  siPs  Is  Interlacing  Pawn. 


(p)  In  same  systems  tho re  Is  a  ropul roman t  that  tho  operator  view 
l"f  tho  Plsploy  be  fee Iny  In  tho  sons  Plrectlon  thot  tho  IA  or 
"teblny”  optics  are  leeHny. 

(a)  Narcissus  affect  -  The  Petector  Power  presents  on  amtromaly 
eolP  ter yet  which  tha  Patactor  Itself  may  see  If  there  ore  re¬ 
flections  from  tho  optical  surfaces.  Thera  Is  ono  or  two  per¬ 
cent  raflactanco  left  In  the  bast  A*  coot Iny.  This  rePlence 
from  oHtrenoly  colP  teryot  Is  a  slyntflcent  slynot,  particularly 
If  It  Is  In  focus. 

Thera  are  several  technlyues  to  counteract  tha  narcissus  affect.  One 
s  to  use  tha  best  AA  coat  I nys  aval  labia.  Another  Is  to  monitor  tha  IA  afocal 
Paslyn  to  Insure  thot  all  possible  reflections  of  tha  focal  plana  Pa  not  re¬ 
turn  In  focus  to  tha  focal  plana  tho  farther  they  are  out  of  focus  tha  batter. 
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Only  cfocal  Ian*  clamant*  need  to  be  bant  to  a*  to  avoid  narcissus  ba*aut« 
they  ar#  aha  ad  of  the  seen  mirror.  The  I*  Imager  Ian*  clamant*  will  not 
cause  time  varying  reflection*  In  the  detector  and  tha  detector  produce*  no 
signal  from  them 

The  module  «y«tem  design  provide*  tpaca  between  tha  Ik  Imager  back 
flange  and  the  detector  dower  for  the  placement  of  on  external  cold  *hleld: 
which  I*  a  third  fla  for  narcl**u«.  The  primary  purpose  of  thl*  shield  I* 
to  block  backgrownd  'eolation  from  portion*  of  the  solid  angle  which  ora 
not  weed  In  the  particular  system.  This  raise*  tha  affective  0*  of  the 
detector  plane  back  on  I  tael  f.  A  secondary  effect  of  an  eatemel  cole 
shield  I*  to  reduce  the  cold  dewor  object  site,  which  minimises  tha  nerclssw*. 
finally,  any  I*  window*  ahead  of  tha  objective  mutt  be  tilted  or  converted  In¬ 
to  domes  with  week  optical  power.  This  mutt  be  dona  be causa  a  flat  plate  In 
e  parallel  beam  autocol 1 1 mates  tha  Ik  optical  system  perfectly. 

(f)  Vignetting  between  afocel  l  Ik  Imager  must  be  avoided  In  a 
fllk  design. 

This  problem  Is  *  generic  one  for  ball  loan  afocel  lenses  coupled  to  the 
Ik  I mega r  through  ♦*»*  scanner.  The  aperture  stop  should  be  placed  as  far  for¬ 
ward  as  possible  In  order  to  limit  tie  diameter  necessary  on  the  largo  front 
elements  of  the  afocal.  tut  the  farther  forward  It  Is  placed,  the  farther 
forward  Is  tha  ealt  pupil  of  the  afocal .  The  amount  of  apparent  slde-to- 
side  motion  of  the  ealt  pupil  as  seen  et  tha  Ik  Imager  Increases  with  tha 
optical  lover  arm  .the  distance  between  the  afocal  ealt  pupil  and  the  scan 
mirror  pivot.  A  condition  can  occur  In  which  the  bundle  of  Incoming  radiation 
actually  moves  with  scanning  so  far  laterally  that  It  gee*  off  tha  clear 
aperture  of  the  first  Ik  Inagar  element.  In  thl*  case  there  Is  e  change  *n 


in  the  •wount  of  radiation  froc  the  target  (can*  relative  to  radiation  from 
the  (probably  Sot  tar)  I na Ida  parts  of  tha  system.  This  can  ba  iaan  by  tha 
datactor  a*  a  spurious  signal.  Thus  ona  of  tha  basic  tradaoffs  In  tha  do¬ 
ll  yn  of  afocal  lamas  far  tha  canon  nodule  systems  la  tha  position  of  tha 
atop. 

(9)  Atharaal  laailan 

Tha  Infrarad  optics  has  a  si  an I f I  cant  chan 9a  In  tana  ef  Its  paraawtars 
whan  operating  over  larpa  tempo ratura  ranges .  Net  only  do  tha  feaal 
lengths  tend  to  ba  Ion par  In  tha  Infrared  afocal,  bu*  tha  dW/dt's 
of  tha  optical  notrlale  are  from  tan  to  ona -Hundred  tine*  larger . 

In  order  to  nlnlmlta  tha  miOor  ef  possible  sources  of  da  foe  us ,  It 
Is  daslraabla  to  have  as  many  Ians  as seat I  las  -nodules  as  wall  as 
system  unique  componants-eutonat I cally  compensate  for  tsaiparatura 
chanpas . 

This  had  net  bean  accomplished  In  tha  I*  laapar  by  the  selection  of  mats- 
rials  or  complicated  Ians  mounts  on  stacks  of  rads.  The  atharaal Izetlon  It 
accomplished  by  scrawlnp  tha  front  doublet  In  or  out  by  means  of  a  pear.  This 
would  allow  tha  addition  ef  a  towparatwra  controlled  servo  to  adjust  the  focus. 
The  IN  I nepers  from  different  manufacturers  are  all  ha  with  raspact  to  function, 
but  not  to  tha  optical  power.  If  e  module  of  ona  type  Is  Substituted  for 
another  tha  amount  of  temperature  controlled  adjust  required  Is  1 1  holy  to  ba 
slightly  dl fferont . 


SECTION  I 


OCNCRAi.  KSCmmOH 


l.l  IHTWMCTICW 

The  Inf rered  Video  freaapllfler  oodula  hereinafter  cal lad  tha  preaapllflor 
prowl  des  aopl If (cation  and  procaatlnf  of  tha  w I  doc  s I ynal  outputs  frao  a  do- 
t actor  array  of  on  Infrarod  syttoai.  Each  proaapllflar  oodula  (prlntod  wiring 
board)  contains  four  Inteyroted  circuits  (IC)  chips  each  providing  5  channels 
for  a  total  of  10  channels  par  aodula. 


Tha  Proaopl If  lor  oodula  Has  boon  doslynod  to  ba  Intarfacad  ultH  otHor 
oajar  coaoor  and  Spoclal  oodulas  to  form  an  Inteyratad  forward  loofclny 
Infrarod  (EUO)  or  Thonaal  loaylny  Systao  Tha  function  of  tha  proaapllflar 
In  tha  systao  Is  to  M^llfy  and  process  tha  outputs  of  tHa  Individual  alouonts 
of  a  dotoctor  array  to  a  uooabla  I aval .  dlth  oach  proaapllflar  provldlny  20 
channols,  tha  matar  of  oodulas  repaired  par  system  wilt  dopond  upon  tha  nteaber 
of  channel*  rayulrod  by  tha  systao  balny  das ■ 9 nod 


Tha  technical  specifications  of  tba  froanpllflor  aodula  are  as  fellows: 


Specification 
70  1  7  volts/volt 


band  width 

Upper  )d*  f  rep nancy  10$12$kMi 

Lower  JdS  fr-^uancy  <*2*t 

flat  (*0  $db  of  oldband  yaln)  )0Nt  to  JOkHs 

(old  band  yaln  re  fa  re  nee-  Odl  at  IWt) 


equivalent  Input  Malta 
equivalent  Input  1 /f  Malta 


•  • 


Sm»*  ■ f  ■  i  ar 

1.5  «  10"9  Vrvtt/  V"h*  |«.) 


<.10  *  10“9  vat  A  Mr 


at  lOOMr 


Channel  Craattalk 

(inVrmt  at  14Mr  Input) 


<-30  PI 


Maalaum  Input 

(Output  Plstortipn  5X) 


0  01  Vpp  at  1  kMr 


Macevery  Tim*  ulth  Input  af  <0.2  secenPt 

50  rnaac  0.01  valt  pull#  ■epretent- 
nq  a  projectile  i*qnel  of  0.7  mV, 

1£  naec  wipe 


Input  Impedance 


Output  ImpePence 


Supply  Veltaqa  anp  Currantt 

Ml qh  Pouer  (Input  P1-7M) 
Law  Pm war  (Input  PI-2). 
P1-7P0  opan) 


4000  to  4500  ohmt 
(5000  oNm  nominal) 

400  te  TOO  ohmt 
(500  ohmt  nominal) 

•.5  to  10  vetti  Pc.  55*6  "* 
3  *0.3  valtt  pc.  44  *5  mP 


SOIL 

Par  Interface  Information  euch  at  mechanical 
conf Iquret Ian,  outline  Pimantiont.  electrical 
Interconnect  Ion  and  mount Inq  Information,  re¬ 
fer  to  Section  III. 
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SCCTION  II 

FUNCTIONAL  OEICJtIFTION 

2.1  ufcNUUU. 

At  itiam  In  Figure  2-1,  Preamplifier  Nodule  Schematic  diagram,  the  pre¬ 
empt  I flar  module  contains  h  Integrated  circuit  (IC)  amplifier  chips  with  five 
amplifier  channel*  per  chip,  thu*  providing  20  tlgne!  processing  channels 
par  module.  The  chip  Itself  is  packaged  Into  e  duel  Inline  (OIF)  package. 

The  module  also  provide*  a  voltage  regulator  In  addition  to  the  four  IC  amp¬ 
lifiers  and  their  peripheral  components.  The  regulator  converts  e  nominal 
9.5  volt  input  to  a  3.4  volt  v^c  for  amplifiers.  Alternately,  the  Vcc  for 
the  amplifiers  may  be  supplied  from  the  system  poeer  supply  by  connecting 
the  appropriate  voltage  to  pin  23  of  the  module  connoctor  FI. 

The  preamplifier  module*  have  no  potentiometer*  or  other  controls,  ere 
gain  stable,  and  are  directly  interchangeable  ml thout  adjustment. 

2.2  ThjOAY  OF  OfCMTIOh 
2.2.1  IC  AftniFICA 

Each  of  the  five  amplifier  channels  within  the  IC  consists  of  sin  NfN 
transistors  as  shown  In  the  schematic  Figure  2-2.  The  first  transistor  Is 
basically  diode  connected  and  servos  to  set  the  bias  of  e  throe  transistor 
operational  amplifier.  The  channel  gain  of  70*101  Is  established  by  a  re¬ 
sistive  feedb  ck  network  around  the  operational  amplifier.  The  two  output 
transistors  are  followers  with  feedback  from  the  first  output  transistors 
to  the  Input  bias  setting  transistor.  Thl*  Is  done  to  Improve  linearity  and 
recovery  with  high  » — r*«it  signals.  The  final  output  transistor  has  a  resistor 
divider  in  th'<  emitter,  with  the  output  taken  from  the  canter  tap  of  the 
divider  to  improve  stability  with  capacitive  loads  and  to  provide  uniform 
output  impedance. 

-92- 


1.2.2  AMPLIFIER  CHANNEL  OPERATION 

Sl»K«  ON* rat  Ion  of  th*  twenty  v'deo  channel*  I*  Identical,  only  operetler 
of  on*  channel  will  be  covered  In  thlt  deter I  at  ton 

Chenne  I  video  signal  fra*  the  channel  I  detector  eloment  enter*  the 
Module  through  connector  a>n  FI -25  and  I*  AC  coupled  to  the  Input  o#  «w>IIfler 
A1AA1  by  i  I)  uf,  W  capacl tor  (Cl).  Thl*  capacitor  In  conjunction  ulth  the 
Input  Impedance  of  the  amplifier  (5*  ohm)  give*  a  low  frequency  breafc  point 
of  approximately  IH«.  The  500  ohm  output  Inpedence  of  the  amplifier  end  2700 
pf  capacitor  Ct  estebl  l*h  the  high  frequency  rolloff  at  IIOkhx.  The  dominant 
law  frequency  character  I* t Ic  of  the  preamplifier  I*  established  by  e  A. 7  uf  output 
coupling  capacitor  (CI1)  end  the  input  inpedence  of  the  po*t  amplifier  module  which 
I*  I  OR  ohm*.  Th  1 0  combination  give*  a  law  frequency  )dt>  point  of  ).4h* 

2.2.3  VOLTACC  PECULATOR 

The  IC  empl  I  f  ier*  da*cribod  above  he«e  a  pour  supply  rejection  ratio 
(FSSA)  of  approximately  30d»  referred  to  the  input.  In  order  to  Increase  the 
PSAR  and  thereby  reduce  the  pernor  supply  ripple  a*  soon  at  the  preamplifier 
Input  to  e  footer  of  3  below  th*  wideband  equivalent  Input  noise,  a  voltage 
regulator  I*  provided  on  each  proenpllfler  module  idilch  operates  a*  fallwg- 

The  7.5  to  10  volt  dc  Input  power  Is  supplied  to  th*  regulator  through 
module  Input  cennoctor  pin  FI -i  (Figure  2-1).  liodas  CAt ,  CR2  end  resistors 
R3  *nd  RA  form  *  voltage  divider  to  establish  the  bos*  bles  for  transistor 
Ql .  Transistor  Q1  acts  as  *  constant  current  source  which  supplies  the 
m*u  drive  for  series  pas*  transistor  Ql.  The  emitter  of  02  supplies  the 
r*gul*t*d  3. A  volts  dc  to  th*  IC  aapllfler  chips. 
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Uimr  41  o*9  C*5  1*4  rnlltir  *5  ft,  -»  on  outfit  vol tops  tonsfnf  notwerfc. 

If  tho  output  voltofo  I ncrttttl  tho  too* I  ftp  network  Incrooooo  the  koto  <rlv* 
to  trenoistor  03  -kith  In  turn  reduce*  tho  Moo  drive  applied  to  oorloo  pe** 
tronolotor  02.  If  tho  output  volte?*  ttloo  to  fotroan,  tho  ropulst In?  octlon 
lo  reverted  o nd  tho  Moo  drive  to  03  It  Incrooted  to  Incrooto  tho  output 
voltofo.  Thu*  tho  output  voltopo  I*  oolntolned  ot  3.4  *0.J  volts  4c. 


SECTION  III 


interface 


j.i  S/MA&MJ&XSM- 


Flyura  )•!  ihati  th«  pertinent  outline  a nd  Mounting  data  for  me  of 
the  dot  I gne  r  In  I rwirporet I nf  the  Freanpllfler  nod j la  In  o  tytten  layout . 

Note  that  the  dlnanttont  and  tolerance!  rafiact  tha  actual  drawlny  data  which 
In  tom  catat  diffar  fran  or  tuppleaent  the  data  In  the  *2  taocl  f  I  cat  Ion. 
Flyura  3*2  it  a  phot 09 rap*  of  tha  nodule  and  Flyura  J-J  It  a  parti  location 

drawl  ny. 


The  Input  1 1 yne It  and  power  are  connected  throufh  Fl  to  a  connector  on 
a  mother  hoard  or  wlrlny  hernett  throufh  which  connectlont  are  node  to  the 
Detector  and  a  power  tupply.  The  output  Jack  Jl  1 1  at  to  a  cat  la  connector 
which  laedt  to  the  Foetanpllfler.  Accett  outt  he  prow  dad  to  tha  tett 
point!  at  tha  top  of  the  aodule.  Each  and  of  the  nodule  nut  1  he  tupported 
hy  a  tollable  noun tiny  tilde.  For  oppllcatlont  Involwlny  tavera  thock 
or  wihretlon.  potltlwe  noant  thould  he  provided  to  retain  tha  nodule  In 
the  fi<liy  enyeyed  petition,  alto  to  retain  the  cable  con no c t o r  which  onyayot 
wi th  Jl . 


Althouyh  the  Indldidual  Freenpllfiar  aodule  power  dlitlpetlon  it  only 
0.41  wettt  per  nodule,  very  tael  I  In  an  overall  tyiten,  it  awtt  he  taken  Into 
account  durlny  tytten  dettyn.  Refer  to  Section  III  Chapter  1  for  a  dltcut- 
1 1  on  of  the  tytten  charnel  detiyn  cent  I  derat  1 ont 
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lllltr  H Otfult  Outline  Oraw.no 


tetifMtloni  for  Md)  nanrwovtb 
assigned  try  prolixin*  with  A1 -M 
Cl  is  A56A1C1  on  St #*•  Al 
Cl  It  AS6A2C1  on  StOfO  A2 
Cl  is  A5ftA)CI  on  Stag*  A3 
Cl  is  AS6AAC1  on  St 090  A k 


Figure  3*3.  Froonplifior  nodula  Farts  Location  Orawin* 


inn 

ii\\w:b. 

S_j== 

in 

hi 

vx\v 


3.4.1  INPUT  CHARACTERISTICS 


(a) 

laoadanca 

4000  to  4500  ohm 

(b) 

Signal: 

Slnowava  with  0.01  volt  poek-to-paak, 
maxima*,  at  1  kl  lohartz 

(c) 

Voltagn: 

3.0  *0.3  volts  dc  or  9.5  to  10.0  volts  dc 

(d) 

Currant 

44  *5  all  Hamper**  at  3.0  volts  dc  or 

55  *4  Milllaaparas  at  8.5  to  10.0  volts  dc 

(a) 

Equl valant 

Input  nolsa  voltaga  1.5  x  10*9  volts  rm/v  Hz 

Maxima* 

(f) 

Equl valent 

input  1/f  nolsa-  d£l0  x  10"^  volts/VHz  masurad 
at  100  Hz 

3.4.2  OUTPUT  CHARACTERISTICS 

la)  Iwpadanca  400  to  700  ohm 
(b)  Voltage  qain;  70  *  7  volts/volt 

3.4.3  PROCESSING  CHARACTERISTICS 


(a)  Signal  bandwidth  with  a  10  kl  tohm  load,  upper  3d* 

frequency  105  *25  kHz;  lower  Jdd 
frequency  4  <2  Hz;  gain-flat  (J0.5dd 
of  aldbend  9a ‘n)  fro*  30  Hz  to  30  kHz 
(aldbend  9a In  reference  Odd  at  1  kHz) 

(b)  Racovary  t In*  ^0.2  second  from  a  50  Billisecond,  0.01 

volt  puls*  input  rtpratantlng  a  blast  to 
display  a  projactlla  signal  of  0.7  ollll- 
volt  amplitude  and  10  Millisecond  width 

NOTE, 

Racovary  tin*  Is  naaaurad  from  trailing  adga  of 
pulsa  Input  to  loading  adga  ot  projactlla  signal) 


(c) 


Channal  crosstalk 
(If  channal*  Into 
1  channal) 


<-30  dt  with  a  paak  Input  voltaga 

(•In)  of  1.4  allllwlts  (1  millivolt 
raw)  at  1  kilohertz,  what 


Channal  crosstalk  ■  20  log 


9»outj0 


'outi  ♦  *out2 


'out 


101- 


(dj  Hot  *•  figure  (Fn) 


5.7  <•  whe  re 


Fn  -  20  I 09 


l«)  Channel -to-chennei 
track ln§ 


(f)  Voltage  J«ln  drift 


Pi 

[total 


>  noise 

l.dw«  to  source  resistance  R«  olon# 


voi tag*  at  output  "L 


maxima  variation  In  normeliied  voltage 
9a in  of  each  eh anno  1  Is  of  average 
fain  on  20  channel  preamplifier  over 
temperature  range  of  -5k  to  *71 *C 

maximum  variation  In  avara 90  voltage  gain 
of  20  channels  on  each  preamplifier  Is 
1 1  OX  of  aver# 90  gain  at  ambient.  over 
op# rat i n#  temperature  rang#  of  -5k  to 

♦71  *c 


3.k.k  ANCILLARY  ELECTRICAL  DESIGN  CONSIDERATIONS 

(1)  If  a  regulated  3.0  *0  3  volt  dc  Is  being  supplied  from  the  system 
unique  power  supply  to  power  th#  preamplifier  (connector  R1 .  pin  23. 
on  schematic  diagram  Figure  2 - 1 )  in  ilau  of  an  unregulated  8.5 

to  10  volts  dc  (connector  Rl  ,  pins  7.  •) ,  th#  3.0  *0.3  volts  dc 
should  not  have  •  rlppl#  and  noise  content  that  exceeds  15  microvolts 

(2)  Input  and  output  channel  signal  leads  to  and  from  the  preamplifier 
should  not  be  routed  adjacent  to  each  other.  In  addition  to  avoid 
extraneous  pickup  the  input  channel  signal  leads  should  be  kept 
away  from  other  high  amplitude  and  or  high  frequency  signal  sources 

(3)  0o  not  locate  the  p'eamplifier  assembly  adjacent  to  or  near  strong 
electromagnetic  or  electrostatic  fields.  If  so  located  appropriate 
sheiidlng  of  the  preamplifier  might  be  required 

(kj  The  ‘Volteo#  Gain  and  ‘S  gnei  BenAvidth  values  specif  ad  In  3-k.2 
and  3-k.3  era  valid  only  if  the  preamplifier  load  is  10,000  ohms 
For  other  load  values  tha  voltage  gain  and  signal  bandwidth  will 
change  accordingly. 


U2LU 

The  preempt I  f  ier  module  is  intended  to  be  jsad  with  photoconduct i ve 
M9  Cd  T«  detectors  These  detectors  ere  character  1  zed  by  row  mpadem-.e,  on 
the  order  of  50  ohm  and  low  noise.  Use  of  the  pr#emp Ilf  *  r  nodule  with  photo¬ 
voltaic  or  high  impedance  photo-conductive  detectors  is  generally  not  recom¬ 
mended.  Opt i nun  utilization  of  photovoltaic  detectors  requl ra  a  current 
node  preamp I  fter  which  maintains  the  detector  at  or  near  *  zero  fc  as  con- 
d  tlon.  Use  of  the  preamplifier  with  photoconduct  1 ve  detectors  of  an 
impedance  level  many  times  greater  than  the  5*  input  Impedance  of  the 
preemplif  er  results  in  s.gnel  ioss  et  the  detector/preamp  interface  iy  n- 
terpmi ng  a  simple  follower  connected  FCT  stage  between  the  detector  end  the 
preamplifier  the  preamplifier  could  be  affectively  used,  however.  It  s  to  be 
noted  that  this  crosstalk  minimizing  and  localizing  technique  is  continued 
through  the  signal  processing  with  an  individual  signal  return  associated 
with  each  five  channel  !C  chip,  because  of  the  low  noise  raqui nrjents ,  the 
preempt  I f iars  use  a  single  ended  rather  than  differential  input  design.  While 
the  single  ended  design  gives  a  noise  improvement  of  VT  over  (he  differential 
design,  there  Is  no  common  mode  rejection.  The  on-board  regulator  aids  in 
minimizing  power  supply  noise  and  ripple  »dian  the  module  <s  used  in  the  High 
power  mode.  In  this  node,  the  regulator  provides  r  pple  re  actior  of  epprpul 
aateiy  6?df  for  low  power  applications  In  which  the  preamplifier  Vcc  voltage 
s  provided  directly  from  a  system  power  Supply,  care  mutt  be  taker  that  the 
sys ter  power  supply  have  low  output  Impedance  and  lew  noise. 

The  leads  from  the  detector  to  the  preamp  1 1 f iers  should  ba  kept  as  short 
as  possible,  because  of  the  low  impedance  nvolved,  the  detector/praemp  n- 
terfece  is  not  particularly  sensit  ve  to  alaetrostat I e  pickup  but  care  should 
ba  taken  to  minimize  fluctuating  magnetic  fields  through  udloous  use 
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of  nognat  I c  shielding. 

Also  due  t-  the  low  detector  npedences  crosstalk  due  to  finite  npe dance 
n  detector  cannon  leed  is  e  frequency  problem.  To  nlnlnlze  end  local  zc  this 
effect  the  Ccwmon  Module  detector  trlnge  out  e  cannon  leed  for  each  5  detector 
elements.  hese  cannon  leads  era  totally  Independent.  The  signal  current  In 
the  cannon  *  id  the  impedance  of  the  cannon  Is  thereby  reduced  minimising  cross¬ 
walk  end  I'-cellz  ng  any  residual  crosstalk  within  e  group  of  S  elements,  Cere 
Must  slnllerly  be  taken  In  the  systen  wiping  to  nelnteln  low  mpedence  In  the 
coenon  end  power  ground  wiring. 

T>e  on-tooerd  eguletor  of  the  preamplifier  nodule  is  not  current  United, 
ere  nust  he  'skan  during  test  end  trouble  shooting  to  avoid  accidental  short¬ 
ing  o  the  Vcc  line  as  this  will  cause  damage  to  the  regulator. 

he  ‘dent  resistors  of  the  nodule  serve  to  Identify  the  nodule  tdten  tested 
by  the  tend  combat  Support  Svstan  (LOSS)  an  intagr  »  test  and  maintenance 
facility,  connections  to  J1  pins  22  and  2-  ere  not  ’-egui  red  for  systen  operetlen. 

Tonnectfons  to  pins  20  end  J1  should  rysi  be  eede  to  'he  postenpl 1 f ler . 

The  eornispondine  »«nf.  on  tie  postenpl  I  Tier  ere  connected  to  the  post  sap  i  If  ler 
LCSS  Identification  resistors.  Pin*  20  and  7  of  Jl  of  the  preamplifier  should 
be  usee  for  test  sr  non! tori ng  purposes  only. 


SECTION  IV 


«*.1 

This  taction  provides  Information  on  the  tost  and  al-gament  requirements 
to  be  considered  In  the  use  end  application  of  the  Preamplifier  Nodule.  Pre¬ 
sented  Herein  are  the  test  equipment  requirements,  end  alignment  techniques 

4.2  TEST  EQUIPMENT 

The  following,  or  equivalent  test  equipment  Is  required  ro  perform 
the  necessary  operational  tests,  alignments,  adjustments  on  the  Preempt  I fier. 

4.2.1  STANOAPO  TEST  EQUIPMENT 

Table  4-1,  following,  presents  a  listing  of  commercially  available  equip¬ 
ment  which  has  been  found  to  be  adequate  for  tasting  of  this  module. 


TAH£  g— | 

STANDARD  TEST  EQUIPMENT 


Equ i pman t 

Manufacturer 

Nodal 

Oscl 1 1 os cope 

Tektronix 

453 

Digital  VTVH 

Fluke 

4400 

VON 

Slaape  on 

240 

VTVH 

Hewlett -Packard 

J400A 

Power  Supply  (2) 

Lambda 

IP04222FN 

function  Generator 

Ha vatak 

110 
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4.2.1  SPECIAL  TEST  EtilPNCNT 


(MM  **n»a»»  ntNa'^.l*#  l*M  ''M 


I  Mttrw ca  «a*  ynat  . an  »rafl*  I 

2.  »•*  .  t «  «k«  va'wat  ar#  m  ofm 

J.  C<M<  IlMt  valaat  »r»  In  air  raf ara4* 

k.  Tmi  >«l  I*  MM  In  MM«rin|  Canaan  dfclt  araaM»llflar  aaaivalant 
ln*wt  naita 

$  fund  I  an*  I  l«}|  P  '*t  a4u  rm 

A  (nt'|iM  (Ml  Ml  alt*  -IMOC  Iron  Jl  la  J)  ana  tarn  *1  an 

•  AJjvtt  ••  la»  a  *al  taya  af  -10.0  O.OSMC  at  JJ 
C  l«a«i  »  I  «  AMI  at  10  Ml  «ma  at  J*  fraa  a  «amta*  1 10  ar 
ayal valaat . 

<*•  aatarnal  *naat  ratittar  OlvIOnr  nataaM  af  $1  «  ta  $1  *ai 
ta  "mm  »a'T 1 

6  Manilas  awtaat  'S  tn  an  aacH'aacaaa  ana  an  «m  m'taatar 
I  A4jW«t  «lt  far  an  W  „u*yv  yaln  af  AO  00  (Ay  100). 

f  OanOniOtA  enact  10  NX  l  •  .1  0.S  oo.  fat  fraa  JOnX  ta  7)  ««2 . 

fan  -J  tO.S  00  at  tOO  knX 


Flyura  *»-»  MWt  Ml 


llflar  Schantatic  Olayr. 


•o  Met  Include  the  «»0  dt  amplifier  ••  this  tine. 

I*.  $.1.1. 1  Verify  that  ell  the  above  test  set  up  i ntarconnoct  i  one  era  are* 


early  Made  , 

I*. 5. 1  •  Oslnp  en  oh— e  ter,  Measure  the  resistance  between  test  points  I 
and  2  en  the  test  sat. 

The  ohMwoter  shall  indicate  IK  ehw,  *5% 

•*.5. 1.1.5  Wslnp  the  oh  awe  tar  Measure  the  resistance  between  test  points 
2  and  1. 


The  oh— e tor  shall  Indicate  b.llK  oho*  «5V 
b. 5. 1.1.4  Turn  all  test  epuipasnt  on  and  adjust  output  of  power  supply  te 
10  Vdc  *0  5*  as  Measured  at  test  points  4  end  S. 


«tarl ly  depress¬ 


es. 1.2 

b.S.I.2.1  Measure  input  current  te  the  preeoplifier  by 
Inf  current  aeni ter  switch,  42. 

The  A— star  shell  indicate  .055  bps  *0.010  laps. 

4.5.1 .2.2  Uses u re  the  rpfuleted  3.4  Vdc  at  test  point  2.  0s Inf  tost  point 
5  as  f round.  The  voltweter  shall  indicate  4.4  Vdt  *0.3  Vdc. 


4.5. 1.3 

4. 5. 1.3. 1  Adjust  the  sifnel  foneretor  amplitude  to  provide  e  l-volt  ** 
input  sifnel  at  I  hMj  to  test  point  4.  Input  attenuator  reduces  the  Sionel 
te  the  PreOMpllfler  Input  te  I  Millivolt. 

MOTE  Midband  vol tape  fain  Is  flven  by  Av  •  ,  Therefore  aproeinete 

•In 

vol tape  pain  can  be  obtained  easily  by  eppiylnf  the  1  Millivolt  sifnel 

to  a  channel  Input  and  road inf  the  channel  output  ve' tape  (in  ollllvelfl)  as  the 

4. 5. 1.3. 2  Set  test  set  CJIAMNCI  SELECT  t«  tch  S,  »e  position  I,  Meed 


iln 


channel  output  en  the  VTVM  connected  to  test  point  7. 

Output  vol tape  shall  be  70  Millivolt  *7  Millivolt* 


4. 5. 1.1.)  Aopott  peregreph  4.5.1 . J .2  for  twitch  position  2  throufh  20, 
corretponplng  to  wiPer  chonnolt  2  through  20. 

4.5  1.1.4  Netum  CMMMCL  SClCCT  twitch  to  pot  It  ion  | 

4. 5. 1.1-5  Incrooto  tkgnol  generator  output  froeoency  until  /TVtt  liwllcotot 
•  1  00  Prop  In  oaplltuPe  ot  tott  point  7.  (Ooforonco  0  dO  it  I  Hit) 

HQT{  Thu  tignel  generator  frequency  Plel  I nP I  cot  I on. 

Chon no  I  henPwlOth  thol I  ho  105  **<  *25  hH*. 


4. 5. 1.1. 4  Oopoot  peregreph  4. 5.1.). 5  for  chonnolt  2  through  20. 

**. 5. 1.4. I  interconnect  the  4Q  P0  amplifier  Into  tott  totup  ot  thowr  In 
Flguro  4-). 


4. 5. 1.4. 2  With  no  Input  tlgnol  to  tho  proowpllflor  tott  tot.  aeoture  the 
true  *4$  output  nolte  for  eech  of  the  20  proowpllflor  chonnolt.  A  tufflclent 
condition  for  occoptonco  It  on  output  nolto  lovol  of  lott  then  or  ogual  to 
tho  ooaiwwt  given  In  Tohlo  4-2  for  tho  respect  I ve  chonnel  goln  onP  honP- 


wIPth. 


NfTC  00  Hi  pickup  oust  ho  oiniwiioP  Pwrlng  tho  nolto  apoowroaant. 


4.5.2 


No  uni gut  aochonlcol  ol I grwont  conttrolntt  ore  protentoP  hy  the 

Preoopllflor. 


4.5.1  AQJMSTHiMT  |W  THC  STITCH 

Areoopl If  lor  choroctorlttlct  erg  PetorolneP  onp  fixoP  hy  the  components 
to  I oc top  ot  Potlgn.  No  oPjwttoont  or  alignment  It  nooPoP  upon  inttol lot  Ion. 


The  Preamplifier  rogul rot  no  tpoclol  no  ntononco  ottontlon  other  then 
he  routine  procoPwrot  fol lewoP  for  gonerol  electronic  equipment.  No  tl*e 
chongo  cowpontntt  ore  contolnoP  In  thlt  noPulo. 
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MAX 


*•*%  •» 


\A  -* 
»»*A 

«ld«h\ 

a 

B 

B 

B 

B 

0 

71 

72 

73 

74 

73 

74 

77 

0 

D 

- 1 

4.14 

4.22 

B 

4.35 

4.41 

4.47 

4.0 

4.50 

4.0 

4.72 

4.71 

0 

4.14 

4.22 

4.0 

4.41 

4.47 

4.0  | 

4,40 

4.0 

4.72 

4.71 

4.03 

•4 

4.12 

4.0 

4.27 

4  n 

4.43 

4.0 

4.45 

1 

4.72  , 

4.77 

4.13 

4,00 

u 

gB 

4.24 

4.21 

4.27 

4.0 

4,0 

4.37 

4.42 

4.75 

4.02 

4.03 

4.03 

m 

H 

4.0 

4.27 

4  0 

4.0 

4.54 

4.43 

4.40 

C 

4.02 

4.0 

4.05 

5.02 

n 

Q 

4.0 

4  42 

4.44 

4.0 

4.42 

4.40 

4.75 

4.12 

4.0 

4.03 

3.02 

13 

92 

n 

4.40 

E 

4.33 

4.0 

4.44 

4.72 

4.0 

4.0 

4.02 

3.0 

5.07 

3.13 

94 

4.27 

4.44 

E 

4.57 

4.44 

4.71 

4.0 

4.13 

4.01 

4.0 

5.05 

5.12 

5.11 

H 

4.42 

4.0 

4.55 

4.32 

4.4» 

4.74 

4.(2 

4.0 

4.H 

3  03 

5.10 

3  14 

5.23 

n 

4.47 

4.52 

4.40 

4.47 

4.74 

4.«l 

4.0 

4.05 

3.01 

5.0 

3.15 

5.22 

3.21 

m 

4.51 

4.0 

4.45 

4.72 

4.02 

5.07 

5.13 

5.27 

5.24 

m 

4,0 

4.70 

4.77 

H 

3.12 

5.  It 

5.41 

m 

H 

4.44 

4.75 

4.0 

4.0 

5.10 

3.17 

5.24 

5.31 

5.0 

m 

4.72 

BJ 

4.07 

4.04 

c 

3.14 

■ 

5.30 

5.37 

5.45 

3.0 

mi 

H 

4.7| 

4.02 

4.00 

n 

5.13 

5.21 

B 

S.35 

5.42 

3.50 

5.57 

Hi 

4.74 

4.«2 

E 

4.0 

5.03 

3.10 

5.17 

W 

1  5.0 

5.0 

2 

3.42 

in 

H 

4.92 

3.07 

5.14 

5.21 

5.37 

5.0 

5.51 

5.40 

114 

4.97 

5.12 

5.  !♦ 

5.0 

3.34 

5.41 

3.0 

5.0 

5.44 

3.71 

10 

n 

4,03 

5.01 

5.14 

5.74 

5.31 

BO 

3.44 

5.54 

3.41 

3.0 

3.74 

IM 

4.01 

4.0 

3.04 

5.14 

3.21 

5.0 

5.51 

5.0 

5.0 

3.74 

5.01 

10 

4.05 

i 

5.02 

5.10 

5.  It 

3.25 

S 

3.41 

5.43 

3.71 

3.0 

T*OU  **-2 


Hof  t«  L#v#  t  Outputs 
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CHAPTER  J 

POSTAftPUFlER/CONTROl  DRIVER 
VIDEO,  INFRARED 
JSAECOH  SH-O- 773900 


SECTION  I 


CENCML  KSUiniON 

1 .1  iNTFOOUCTlOh 

The  Infrarad  Video  Fottanpllf lar/Control  Orlwar  nodule,  hereinafter  cafted 
tha  po*tanpH  f  far ,  provide*  tha  anpl If I  cation  and  signal  conditioning  function* 
repuired  of  a  Co—  n  Nodule  Infrarad  Inapinp  lyitaa.  In  a  standard  :o— r 
nodula  *y* tan  tha  *i9nal*  fron  tha  datactor  ara  proce**ed  through  a  itafa  of 
praanpliflcation  and  than  fad  to  tha  oostanpl I f lar  nodula.  Each  postanpll* 
f lor  nodula  proca*»a«  20  channal*  of  Infornatien  Each  channal  consist*  of 
two  anpllf iar/control  tt«9*s  and  a  llpht  anittlnp  dioda  (LEO)  driver  *ta9*. 

Tha  inplanantat ion  oat  12  duel-ln-lina  IC  pecfcepa*  with  thraa  peckepe*  *arla* 
connactad  and  4  peckape*  In  parallal  with  5  channal*  in  aach  IC  packapa 

1.2  tyTteKP  m  SL  life 

Tha  postanpl Iflar  nodula  ho*  been  de*ipned  to  ha  intarfacod  with  othar 
najor  co— an  and  special  nodula*  to  fora  an  intepreted  Forward  lookinp  Infra¬ 
rad  (FlIX)  or  Tha ratal  Inapinp  Systan.  Tha  functian  of  tha  poatanpl If ier  i* 
to  provida  additional  anpl I f I  cat  Jon  and  proca**inp  of  tlpnal*  racaivad  f ran 
proanpllfiar  eonator  nodula*  After  anpl  I  f  Icat  Ion  and  othar  pr,»ce**inp,  tha 
potanpl  Iflar  final  *tapa  provida*  tha  drive  voltapa*  repul  rad  hy  the  LEi 
array . 


1.3 


Tha  technical  »pac I f I  cat  I  on*  of  the  poatanpllfler  nodula  ara  a*  follow*: 
If 

Voltapa  Cain 


Fropra— hie  F 
a*  follow*: 

Ft -12  Cain 
FI -29  Cain 


ran  10.000  to  11,000  V/V 


1  control*  Al-AMAI 

2  control*  At  -MM2 
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L 


i 


Gain  Control 


0  to  )0  tft 


Mon4wi4th 

wppar  346  F  raquancy 
cowar  346  Fraquancy 
Flat  (2  0.5  46  to  -I44and 
gain)  (Hidfeand  9a in  rafaranca. 
066  at  1  kHz) 


110  2  40  kHz 
6  2  2  Hz 

30  Hz  to  30  kHz 


Input  Impadanca 

Output  I-padanca 
Output  Currant 

Polarity  Control 


7500  to  12.500  ohm  (10,000 
noainal) 

195  to  215  ohm  (205 nominal) 

10  2  )mA  Into  390  In  sarias 

with  LCO. 

Output  in  pHaaa  or  1t0*  out  of  phaaa 
with  Input. 


Aa covary  T|M  (Fro*.  1  vo  1 1 , 
50  waac  ttap  Input) 


0.2  aacondt 


AC  Gain  Oalanca  Rang* 

Powar  ftmqulramanta 

Low  Powar 

15  40  minimum 

High  Powar 

ftlppla 

(p6f*ma) 

Pirn  Pi-32,  17.  2.  23 

♦ 4.8  0  1S*A 

♦10  0  35-A 

100 

PI  -10 

-4.8  0  30wA 

-6.  -7.5  #  35-A 

MI-100,  Lo-50 

PI  -30 

♦7  #  30mA 

-4.25#“45-A 

PI -27 

-3.5  0  35-A 

0.2 

PI  -11 

♦3.5  •  35-A 

♦4.25  #  45— A 

0.2 

HQTI, 

For  wachanical  tpaclf I  cat Iona  involvad  with 
Intarfac#  raqui  raaiant*  auch  a*  wachantcal 
conf I 9urat i on ,  Intarconnact Ion ,  and  mount - 
I ng  information,  rafar  to  taction  III. 


SECTION  II 


f  UNCTIOMAL  DESCRIPTION 


2.1  GENERAL 

The  pot tamp  1 1 f ler  module  It  comprised  of  twelve  integrated  circuits  ( IC  *s  > 
on  a  printed  miring  board.  Each  pot  tamp  1 1 f l ar  module  processes  20  channels 
of  informat‘on.  Each  channel  consists  of  two  amp  1 1 f ier/control  stages  and  a 
light  emitting  diode  (LEO)  driver  stage.  The  impiementat Ion  uses  12  dual • I n- 
llne  IC  packages  with  three  packages  series  connected  and  **  packages  In  parallel 
with  5  channels  In  each  IC  package.  The  arrangement  can  be  seen  in  the  sche¬ 
matic  of  figure  2-1 . 

The  first  and  second  stage  provides  an  a  I  act ronl cal 1y  control  lad  gain 
variation  of  30db.  Each  of  the  two  stages  is  capable  of  providing  a  polarity 
(phase)  reversed  function  to  provide  a  whl te/hot-whi te  cold  image  but  the 
module  wiring  Is  such  that  only  the  second  stage  Is  used  for  polarity  reversal . 
As  can  be  seen  on  the  schematic,  potentiometers  between  the  first  two  stages 
are  provided  to  adjust  channel  gain  to  compensate  for  variations  in  datactor 
responsi vlty .  The  final  LEO  driver  stage  provides  the  currant  drive  to  the 
LEO  module  to  give  a  light  Intensity  output  proportional  to  signal  level. 

2.2  THEORY  Of  OPERATION 

fa  h  gein/polerlty  control  IC  stage  shown  In  the  schematic  of  figure  2-2 
consists  of  three  differential  amplifiers.  Gain  control  is  accomplished  by 
controlling  the  current  source  to  the  Input  dl fferentlel .  The  other  two  dif¬ 
ferential  amplifiers  are  connected  In  parallel.  Polarity  reversel  is  eccaet- 
ptfsha  by  turning  one  or  the  other  transistor  pel r  on  end  off.  A  xero 
(ground)  Input  to  the  polarity  control  point  provides  inverting  gain  while 
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•  n«9atl  *a  voltage  to  the  polarity  control  point  proviso*  non  inverting 

gain. 


Coin  control  coweands  I  an*  2  control  the  gains  of  tha  first  and  second 
•  tage  r a* pact  I voly.  In  cooOlnatlon  a  9dln  control  ranya  of  )0  Jt  li  achieved. 

fHa  polarity  contend  voltaya  and  tha  I nverse  polarity  eg—  nd  voltaya 
can  ba  fad  to  two  saparata  Input  pint  on  tha  aodula.  That  it  la  possible  for 
10  amplifier*  on  tha  nodal a  to  ba  oporatad  Invartlny  and  tha  othar  10  ba 
oparatad  noninverting.  Thlt  connactlon  can  ba  used  whan  a  dual  blaa  royal at or 
la  used  to  blaa  half  tha  datactor  elements  with  a  positive  blaa  and  tha  othar 
half  with  a  nayatlva  blaa.  Thla  arrpnyanant  haa  tha  advantaya  of  ayual  load¬ 
ing  of  tha  powar  aupplloa,  powar  aupply  buaaoa  and  consent  on  aach  aodula. 
dhon  a  alnyla  blaa  royulator  la  uaad  a  alnyla  polarity  control  lino  la  uaad 
and  tha  Input  connactor  pi na  ara  J unpad  to  aupply  tha  saws  polarity  consand 
to  all  ewpl (flora. 

Tha  final  LEO  driver  ataya  shown  In  tha  schawat lc  of  figure  2*3  conalata 
of  a  dlffarantlal  anpllflar  and  a  two  tranalator  followar  ataya.  Nayatlva 
feedback  la  suppllod  fron  a  raalatlva  dlvldar  In  tha  followar  ataya  to  tha 
Invartlny  Input  of  tha  dlffarantlal  anpllflar.  Tha  vldoo  gata  and  brightnaaa 
(aval  signal*  ara  also  sipesed  Into  tha  non-l nverti  ng  input.  Voltage  gain  la 
tat  by  tha  ratio  of  tha  feedback  raalstor  and  tha  roslatanca  of  tha  Input 
sinning  network  and  Is  appronlnotoly  4.  Tha  Input  also  has  a  transistor 
clamp  for  K  -as t oration. 
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SCCTiON  Ml 


IHTEAFACE 

J.l  COWFISUMTIOW 

Figure  3-1  ihowt  the  pertinent  outline  and  nountlng  data  for 
uea  of  tha  designer  In  i ncorporat I ng  the  Postanpli f lor  nodule  In  a  systan 
layout.  Note  that  tha  dimensions  and  tolerances  reflect  the  actual  drawing 
data  t^l ch  In  sane  cat  at  differ  fro*  or  supplenent  the  data  In  the  12  spec¬ 
ification.  Flyura  3*2  is  a  photoyraph  of  tha  nodule  and  Flyura  3*3  Is  a 
parts  location  drewiny. 


Tha  input  siynata  era  received  throuyh  Jl  from  a  cable  tdtlch  I ntarconnects 
with  tha  output  of  tha  Preenpllfier  nodule.  Output  signals.  Input  power  and 
input  eo— ends  pass  throuyh  FI  to  a  connector  on  a  aether  board  or  wiring 
harness ,  Each  end  of  tha  nodule  oust  be  supported  by  a  suitable  aeon tiny  slide. 
For  applications  Involving  severe  shock  or  vibration,  positive  naans 
should  be  provided  to  retain  the  nodule  In  tha  fully  engaged  position  and 
also  to  retain  tha  cable  connector  idiich  engages  with  Ji  .  Access  oust  be 
provided  for  tha  test  points  and  for  adjustnent  of  tha  trio  potent i oneters 
at  tha  tap  of  the  nodule. 

3.3  TMEAhAt  DESIGN  COhSiPCAATIQbS 

Although  the  Individual  Postanpl I f lar  Nodule  power  dissipation  Is  only 
1.67  watts  par  nodule,  vary  snail  In  an  overall  syston,  it  oust  be  taken  into 
ec.ount  during  systan  design,  defer  to  Section  1 1 1  of  Chapter  1,  for  a  detailed 
discussion  of  tha  systan  themei  design  cons  idarat  ions . 
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ftfuro  3-f.  Photo  of  Pootoopllflor 
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anaesHbati 


Aofe'tnco  let i §n» 1 1  on*  for  Mdi  rwnrwwnt 
**•«•  «r«  Mtlfurt  toy  profiling  with  Al-M 
t»«*» l«  Cl  l»  AS4A1C1  on  Stofo  A I 

Cl  It  A56A2CI  on  Stoft  A2 
Cl  It  A$«A}C1  on  Stofo  A} 

Cl  It  ASUAO  on  StOfo  At 


flf«r*J*)  PottOMpI  Mlor  AoOult  *trtt  LocOtlon  trowlnf 
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3.4  ItKTW*  j«TL¥gj  8*IA_ 

3.4.1  INPUT  CWUUCTCItlSTICS 

(•)  Im4wci'  7500  to  12.500  o*m 
(4)  fol tppc/Currpnt/ftfpplp- 


32 

♦4.1 

>7 

♦4.1 

2 

♦4.0 

23 

♦4.0 

10 

-4.0 

30 

♦7.0 

17 

-3.5 

11 

♦3.5 

14c  \  luiM  Ripplp 

fair  rainf  mol,  Volint  1*  ■>  r«t 


0.015  ovoropp 

100 

0.015  " 

100 

0.015  " 

100 

0.015  “ 

100 

0.030 

ICO 

0.030 

100 

0.035 

0.2 

0.035 

0.2 

32 

♦»0.0 

0.035  pvprpfp 

100 

17 

♦10.0 

0.035  Pvprppa 

100 

2 

♦10.0 

0  035  pvprppp 

100 

23 

♦10.0 

0.035  tvtrppp 

100 

10 

-0.  -7.5 

0.035 

50 

30 

41  te. 

— 

— 

27 

-4.25 

0.045 

0.2 

11 

♦4.25 

0.045 

0.2 

3.4.2  OUTPUT  CNWACTCRISTICS 


(•)  Iap#4pncp  195  to  215  otaw 


(4)  Voltpf*  9* In.:  Progrpaap 4 In  frpa  10,000  to  >1,000  volt*  por  volt 
(c)  Coin  control  rpnpp  0  to  30  00  alnlaua 


(0)  Cwrront  (Miph-paupr  oppll c« t Ion) :  10  <3  allllpapprps  po«4  Into 

I oo4  consistin'  of  •  390  o*a 
rp*l*tOr  In  Sprlo*  with  on 
Lit 


(o)  Pol  or  I  ty  potorlty  function  prov*4p4  oIIom*  output  to  4o  In  phppp 
or  110*  out  of  photo  with  Input  tlpnpl 

3.4.3  POOCfSSI*  characteristics 


(o)  Slpnpl  4pn4wf4th:  with  •  to#4  consistin'  of  •  390  ohm  rotlftor 

In  torlot  with  o  1 1 fht -onl tt I o'  4Io4p,  uppor 
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Mi  frequency  MO  *40  kHt ;  laMtr  3di  frequency  4  *1  H« , 
Mln-fUt  (SO. Sit  of  midbend  pain)  from  SO  Hi  to  30  LM* 
(midbend  fain  reference  0#*  at  1  kM«) 

(b)  ia covary  time  -40.2  ucand  fram  a  I  volt,  $0  millisecond  Hat  in* 

put  represent inp  a  blest  to  display  a  projectile 
sipnal  at  tha  postampl I f lar  output  with  an  Input 
amplitude  -f  SO  millivolts 


Recovery  tloa  It  measured  f raw  trailing  ePpe 
of  ttap  Input 

(c)  AC  pain  balanca:  variable  resistor  provided  In  each  postampl If lar 

channel  which  allows  1$  Pi  minimise  ac  pain  bal¬ 
ance  ranpa  to  balance  variations  In  Patactor 
res poos i vl ty  to  anpllflar  pain  variations 


(p)  Channel -to-channa I  trecklnp:  maximum  variation  In  voltapt  pain  of 

oech  channel  Is  *5%  of  avarapa  9a! n  on 
20  channel  postampl I f lar  over  temperature 
ranpa  of  0*  to  ♦SS'C;  provlOet  sped  - 
flaP  trecklnp  without  reePjuttnent  of 
channel  pain  controls  over  specif laP 
temperature  ranpa;  trecklnp  error  Is 
£  *1lfc  over  temperature  ran pas  of 
♦71*  t.»#5S*C  enP  0*  to  -5b*C 


(a)  Vo I  tape  pain  Prlft:  max  totes  variation  In  avarapa  voltepe  pain  of 

20  channels  an  each  post  amp  1 1  f  lar  Is  *1(fX  of 

avarapa  pain  at  ambient,  over  oparatlnp  temp¬ 
erature  ranpa  of  0*  to  ^71  *C  anP  USX  of  avar¬ 
apa  pain  at  ambient,  over  oparatlnp  temperature 
ranpa  of  -5b*  to  0*C 


(f)  Cain  trecklnp  error  Chennel-to-chennel  pain  trecklna  error  Is  with¬ 
in  S  5%  over  pain  control  ranpa  '300®  minimise) 
at  ambient  temperature,  pain  trecklnp  error  Is 
SLsS*  over  temperature  ranpa  of  *55*  to  0*C 
and  Is  &  s  1  <JX  over  temperature  renpes  of 
♦55  to  71 *C  and  0*  to  -5b*C 


3>.k  ANCILLARY  ELECTRICAL  DESIGN  CONS  I  DERATIONS 

(1)  Since  no  maxing*  Input  sipnpl  amplitude  nor  percent  output  distortion 
for  different  Input  slpnal  amplitudes  are  specified,  the  maximise  In¬ 
put  slpnel  amplitude  for  an  allowable  percent  output  distortion 
Should  be  determined  prior  to  Its  system  use. 
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)dt  frapuancy  110  *40  kM*.  lawar  3d*  frapwancy  b  *2  H* , 
Min-flat  (*05<l  of  aidfcand  fain)  fro*  30  Hi  to  )0  kMi 
'•idband  fain  r*f*r*nca  0d*  at  1  kHj) 

(b)  4a covary  tins  ^0.2  sacond  fra*  a  I  volt,  SO  *illitacond  stop  in¬ 
put  raprasantlnp  a  blast  to  display  a  projactds 
sifnal  at  tha  postwplif lar  output  with  an  Input 
papl I tuda  of  SO  oillivolts 

MIL 

4* covary  t i*a  is  aaasurad  fro r.  trailing  adfa 
of  stop  input 


(c)  AC  fain  balanca^  variabla  rosistor  providad  In  aach  postanplif lar 

channal  vhlcb  allows  IS  dt  *lniaw  ac  fain  bal- 
anc#  ranfa  to  balanca  variations  In  datactor 
rasponsivlty  to  anplifiar  fain  variations 

(d)  Chann* I -to-channa I  trackinf  *axt*u*  variation  In  voltafa  fain  of 

aach  channal  Is  *5X  of  a vara 9*  fa  I n  on 
20  channal  postaapl I f lar  ovar  t wparatura 
ranpa  of  0*  to  ♦SS’C;  provldas  spacl- 
flad  trackinf  without  raadjwataant  of 
channal  9a! n  controls  ovar  spacifi ad 
t wparatura  ranfa,  trackinf  arror  Is 
it  *I0X  ovar  taiaparatura  ran  fas  of 
♦71*  tovSS’C  and  0*  to  -S4*C 

(a)  Voltafa  9aln  drift:  *wl*u*  variation  In  avarafa  voltafa  fain  of 

20  channals  cn  aach  poataapl If lar  is  *1 0ft  of 
avarafa  fain  at  a*h I  ant ,  ovar  oparatlnf  taap- 
tratura  ranpa  of  0*  to  ♦Jl'C  and  *15%  of  avar- 
afo  fain  at  aabiant,  ovar  oparatlnf  tanparatura 
ranfa  of  -54*  to  0*C 

(f)  Cain  trackinf  arror  Channa I -to-channa I  fain  tracking  arror  is  with¬ 

in  *  5ft  ovar  fain  control  ranpa  I JOdt  *lnl*w) 
at  aopiant  tanparaturc,  pain  trackinf  arror  Is 
ovar  tawparatura  ranpa  of  *55*  to  0*C 
and  is  S  *  loi  ovar  tawparatura  ranpas  of 
♦5  to  71 *C  and  0*  to  -S4*C 


.4  AhCTcUMrr  CLinAICAL  DCSICM  CM6IKMTIQM 
(I)  Sinca  no  naniaw  input  sipnal  aaplttuda  nor  parcant  output  distortion 
for  dlffarant  input  sipnal  a^l  i  t  udas  an*  spacifiad,  tha  waalMw  In¬ 
put  sipnal  anlit.da  for  an  allmatia  pat -cant  output  distortion 
should  ba  datarminad  prior  to  its  tysta*  usa. 
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(2)  The  amlMfi  brightness  llyht  anlttTny  diode  (l£t)  display  will  M 
oktllf«4  using  "high  power  tystW  supply  voltages,  I  .a.,  naninal 
volteg«of  «4. 25.  *10.0,  -d* .25  end  -7.5  volts  dc,  capable  of  sup¬ 
plying  a  tote  I  of  2.05  wotts.  If  power  It  e  significant  design 
const  re  I nt ,  the  "lew  power  tystew'’  supply  volt eyes  should  he  used, 
l.o. .  nonlnel  ♦J.S,  *4.l,  *7.0,  -3.5  end  -4.i  volts  dc  capable  of 
supplying  a  total  of  0.77  watt  .  The  use  of  "low  power  systow" 
supply  volt ayes ,  however,  will  result  In  e  last  bright  display. 

The  detailed  input  power  roqul  rewontt  are  deter  IPod  in  J>.2. 

(3)  To  avoid  cross  talk,  Input  channel  tlynal  leads  should  not  he 
bundled  toyether.  In  addition,  to  avoid  extraneous  pick  up,  the 
Input  channel  slynal  leads  should  be  kept  away  from  other  hlfh 
amplitude  end  or  hiyh  frequency  slynal  sources. 

(4)  The  specified  Input  Inpedance  of  10,000  ohnt  now  Inal ,  and  the 
specified  output  Inpedance  of  205  ohws  nenlnal  are  only  valid 
at  1  kilohertz.  At  other  frequencies,  the  Inpedance  values 
will  chenye  accordingly. 

(5)  The  "Folerlty",  'Video  OFF  Tina".  Video  00  T let  "I A  Cate  and  Level 
roman  a"  and  "Cain  Conn end"  ope  ret  Ion*  ,  functions  of  the  Fost- 
awpl I f ler/Cont rol  Or  Ivor,  can  be  programed  by  neens  of  outputs 
provided  by  enothe,  Common  Module,  such  as  the  Aiatl 1 1  ary  Control, 
Video  (see  Chapter  4). 
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SECTION  IV 

AU1GW1ENT/HA1NTEWNCE 

*»•«  mmatk 

Thl s  section  provides  Information  on  the  test  end  el  I  yoant  requl  resents 
to  be  cons Idered  In  the  use  end  eppl lest  Ion  of  the  Post sop  I  If ler/Control 
O-lver  Nodule.  Presented  fwreln  ere  the  test  equipment  requ< resents ,  test 
set-up,  edj ustoent  end  el Ignoe nt  techniques. 

4.2  TEST  EQUIPMENT 

The  fol I awing, or  equlvelent  test  equlpoent  Is  required  to  perforo  the 
necessery  operetlonel  tests,  el  * grow nts ,  adjustments  on  this  Module. 

4  2.1  STANDS NO  TEST  EQUIPMENT 

Teble  4-1,  following,  presents  e  listing  of  ca—arclel ly  evelleblc 
equip  *  which  hes  been  found  to  be  edequete  for  testing  of  the  Postsopl If ler . 

Teble  4-1 


l 


STAWKQP  TEST  EQUIPMENT 


EQUIPMENT 

MODEL 

Slgnel  Generator 

Wevetek 

no 

VON 

Slops  on 

240 

Oscl  1 1  os  cope 

Tektronlcs 

453 

VTVN 

Hewlett -Pecks rd 

1400k 

Power  supply  (5  re 

Lsobde 

LPO  422F4 

qulredl 

4.2.2  SPECIAL  TEST  EQUIPMENT 

In  order  to  provide  e  convenient  neens  of  Interconnect Ing  the  verlous 
equipment  used  In  testing  the  Postsepl If ler ,  e  control  unit  or  test  set  Is 
required.  Such  e  test  set  oey  be  febrlcetcd  fra*  the  Information  In  figure  4-1. 
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i  M  Itli  • 


Mo  special  tools  are  required  to  test  the  Postampl I f  ter. 
b.l*  TEST  SET  UP 

FI gure  *»-2  Is  a  typical  Interconnection  diagram.. 


In  order  to  determine  that  the  Postampl I f ler  module  ^ets 
ts  performance  requ  remen ts ,  the  following  test  sequence  is  re commended. 
b.5.1  ELECTRICAL  TESTS  A  NO  ADJUSTMENTS 

Perform  each  test  as  specified  In  the  following  paragraphs  In  the  order 
presented.  As  each  action  Is  completed  verify  a  proper  response  or  ndlcatien 
before  proceeding  to  the  next  action. 

b.S.t.t.t  Connect  the  Postampllfler  module  to  the  test  set  as  shown  n 
F  gure  b-|. 

b. 5. 1.1.2  Interconnect  the  test  set  and  test  equipment  as  shown  In  Figure  **-2 
Initial  connection  of  the  VTVN  shall  be  to  TP  b. 

b. 5. 1.1.3  Verify  that  all  the  above  connections  are  properly  made. 
b.S.I  l.b  Using  an  oherwter,  measure  the  resistance  between  test  points  I  and  3, 
The  ohmmeter  indication  shall  bo  I  K  ohr  t  .02  A  ohm 
b.5. 1.1.5  Measure  for  resistance  between  test  points  2  and  3. 

The  resistance  shall  be  6. 19  A  ohm  :  0  12  A  ohr. 
b.5. 1.1.6  Turn  on  all  test  equipment  and  adjust  power  supply  outputs  as  folios 


-  3.5  VDC  2  0.1V 
♦  3.5  VDC  2  0.1V 


-  b.8  VDC  2  O.lv 

♦  b.B  VDC  2  0.1V 

♦  7.0  VDC  2  0. IV 


M.5. 1.2 


b.S.I. 2. 1  Measure  the  current  being  drawn  from  each  of  the  supplies  by  the 
pos  tamp  1 1 f I e  r . 
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T44 


TM,J* 


il 


Tf*T  SfT 


43  44  49 


47  49 


Th*  currant  drawn  shall  be  within  th*  following  Halts 


-  3.5  V 
♦  3.5  V 


Current 


40  m  t  10  m 
40  a*  t  10  as 


-  4.8V 

♦  4.8V 

♦  7.0V 


Currtnt 

30  *  t  to 

no  «  t  4o 

30  me  t  10 


4.5. 1.3  Voli 


1 1 n  Test 


4.5. 1.3.1  Adjust  the  GAIN  BALANCE  potent  I  oat  ter.  Figure  4-3,  fully  clock*.  I  se 
(aeiilaua  gain)  on  each  of  th*  20  channels. 

4. 5. 1.3.2  Adjust  9*1 n  level  on  test  set  fully  clocltflse. 

45. 1.3. 3  Adjust  the  signal  generator  output  to  provide  an  Input  signal 
of  30  allllvolts  at  I  kHi  to  test  point  4  (Figure  4-1). 

4.5. f. 3.4  Set  the  test  set  CHANNEL  SELECT  ewltch  to  position  I.  Aeod  channel 
output  on  the  VTV*  connected  to  test  point  5,  J9- 

Channel  output  voltage  shell  be  no  less  then  37t  allllvolts. 


An  output  voltage  reading 
of  420  *H  nes  Is  equivalent 
to  a  voltage  gain  of  18,000 
volts  par  volt.  The  aenlaua 
voltage  gain  of  each  channel 
Is  given  by 

\  -  !SHI  *  999  *  1.41 
•in 

Th*  test  set  Input  resistor 
division  retlo  Is  499  to  1 
and  the  output  resistor 
division  ratio  Is  1.43  to  I. 


4. 5. 1.3. 5 


t  paragraph  4.4. 1.3.4  for  channels  2  through  20. 


4  5.1.3. i  Aetum  CHANNEL  SELECT  switch  to  position  I. 
4.5.1  4  Gain  Control  Apngp 


In  order  to  determine  the  Individual  gain  range  of  each  channel 


proceed  as  follows 
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4  5. 1  .4.  I  With  the  CHANNEL  SCUCT  Mitch  In  petition  I,  «N  the  Rott«*llfler 
Channel  I  GAIN  IA  LANCE  potent  I aeetert  fully  clocler  I  te,  note  the  output  veltefe 


r  *4 In?  an  the  VTVH  connected  to  TR  5.  Adjutt  the  GAIN  LEVEL  potent lanater 
fully  count  er-c  lectori  se.  _ 

The  output  voltefe  shell  decrease  by  JO  db  elnlw, 

4.5. 1.4.2  Aepeet  paragraph  4.4. 1.4. I  for  chennelt  2  through  20. 

4. 5.1. 5  Chpnnol  OenArldjh 

Connect  e  OC  Voltmeter  between  J  10  end  ground.  Adjutt  the  test  tot 
GAIN  LEVEL  control  for  0.0  V  dc. 

4.5.1. 5.2  Check  signal  generator  output  et  test  point  4.  Readjust  to  30 
allllvoltt  If  nocottery. 

4.5. 1.5.3  Set  the  test  set  CHANNEL  SELECT  twitch  to  position  I.  Increase 
the  signal  generator  output  froNuoncy  until  the  V7VH  at  test  point  5  Indicates 
an  output  •a'lef*  decrease  of  3  db.  (.707  of  the  level  at  I  kHa). 

The  channel  ban*rldth  shell  be  110  kHt  t  40  km  . 

4. 5. 1.5. 4  Repeat  perafreph  4.4. 1.5.4  for  channels  2  throufh  20. 

4.5.1. 6  holprlty  Tmt 

4. 5.1.0. I  Assure  that  oscilloscope  chennel  A  It  connected  to  TO  4,  channel  0  to 
TR  5.  The  oscilloscope  Is  to  be  enter-nelly  tynchrenlied  with  the  Rostanpllfler 
npwt  tlfnal . 

4. 5. 1.4. 2  Se*  the  test  set  CHANNEL  SELECT  switch  to  position  I.  Sot  test  sot 
TOLA A IT''  switch  to  R0SITIVE  position.  Observe  oscilloscope  display  of  Rott- 
ao  1 1  f  I  e  Input  algnel,  TR  4,  and  output  tlfnal  TV  5. 

The  Input  tlfnal  and  output  tlfnal  shall  be  out  of  phase.  Verify 


Inf  of  channels  2  through  20. 


4. s.  1.7.1  Adjust  GAIN  LEVEL  on  tho  tost  sot  fully  cloclorlse. 

A. 5. 1.7.2  Sot  tost  sot  POlAAfTY  switch  to  POSITIVE. 

4.5. 1.7.3  Aenove  alt  connections  frao  tost  sot  Input. 

4.5. 1.7.4  With  tho  VTVN  connected  to  tost  point  5,  ooosuro  tho  no  I  so  voltsfl 
output  of  chonnols  I  through  20. 

Tho  output  no! so  volteye  shall  ho  spue  I  to  or  loss  than  150  otlllvotts. 

4.5.1.1  Tost  Point  Continuity 

4. 5.1.1. 1  Connect  signal  pane  rotor  to  tost  sot  Input  and  adjust  fsnarotor  output 
to  provide  an  Input  slynal  of  )0  «l III  volts  at  I  HU  at  tost  point  4. 

4. 5. 1.1.2  Verify  continuity  of  tost  point  roslstor  and  conductor  hy  observing 
the  output  waveform  on  tho  oscl I loecopo ,  ualny  a  scope  proho  nanentarlly  attochad 
to  ooch  of  the  20  printed  wiring  hoord  tost  points.  (Soo  Flyura  4-3) 

4.5.2  NECMkNICAl  ALIOMMT 

Uhl  la  no  Mechanical  ellfnoent  Is  repaired  for  the  Postanpllf  lor, 
whan  systoo  layouts  era  ho  Iny  cone  I  da  rad,  orientation  of  tha  oadule  should  allow 
ready  eccass  to  tha  twenty  (20)  GAIN  IA  LANCE  potent  I  one  to  re . 

4.5.1  AhJWSTWENT  IN  TNE  SYSTEM 

when  'ns  tel  led  In  a  systoo.  the  GAIN  0A  lANCt  potent  I  ana  tors  of  tho  Moot* 
anpllftar  are  adjusted  to  balance  variations  In  detector  elenent  responslvlty  to 
anpllflor  channel  fain  variations.  A  typical  procedure  would  he  as  felloes 

4.5.3. 1  with  tha  Fostanpllfler  nodule  Installed  In  a  systan. 

and  the  systan  non  operating;  adjust  all  GAIN  0A LANCE  potont lanotars  to  the 
center  of  their  range.  Olsahla  and  lock  tho  scanner  In  a  fined  position. 

4. 5. 3. 2  Prepare  an  Infrared  teryot  of  sufficient  slae  and  tanpereture  suah  as  to 
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Milt  the  radiated  enaryy  to  Inplnpa  upon  each  detector  a  I anon t  completely 
and  uni  form  I  ly .  Provide  a  "Chopper  wheel"  to  modulate  the  slpnet. 

4.5.).)  Cnerylre  tha  system.  (ft inf  an  oscilloscope  and  prohe ,  oh  serve  tha 
output  at  aach  of  tha  taat  point*  on  tha  Postempl If I*.-.  A*  an  altarnata  at t hod 
a  test  *at  nay  ha  fabricated  to  allow  *  I  awl toneous  view In?  of  tha  output*  fry 
connecting  tha  outputs  to  multiplexing  circuitry  synchronlcad  to  systoo  clock 
fra awancy. 


*».5.)>  hapandlnp  on  tha  particular  systam  repul  rements  ,  adjust  aach  of  tha 
CAIN  MIANCC  potant  loot  tars  to  apuallxa  tha  outputs,  a.y.,  astahlfsh  a  "Una 
of  balance'  approximately  •  db  between  tha  hlphest  and  lowest  channel.  Adjust 
all  outputs  to  this  lino,  this  will  allow  for  additional  future  trla  adjustments. 


Tha  Postempl If lar 
othar  than  tha  rout Ina 
tint  champs  components 


aodula  rapulras  na  special  no I ntenence  attention 
procedures  followed  for  panaral  electronic  opulpapi 
are  contained  In  this  nadula. 


t.  No 


I 

I 

I 


I 

I 


1)7 


I 


SECT  I CM  | 

CCNCftAl  DESCRIPTION 


t.l  INTWVCTION 

The  Infrared  Video  Auxiliary  Control  nodule  hereinafter  celled  the 
eux  1 1 1  ery  control,  provi  de*  video  tlynel  control  function*  for  a  co— i or  nod 
ule  Infrared  tyttan.  Theta  control  function*  regulate  Infrared  tl9nel  pain 
anpl I tude  and  polarity.  The  nodule  alto  provide*  positive  and  negative 
vol  te^e  rpfulator* ,  teen  failure  protection  end  polarity  trentient  tup* 
prettlon. 


The  euelliery  control  nodule  hat  Mean  det I yned  to  Interfaced  with 


other  npjor 


and  tpeclal  nodulet  to  fom  an  Intayratad  forward  i-oofc- 


I n^  Infrared  (fllft)  or  Them al  1009)09  Sytten  The  prlnary  function  of 
the  own 1 1 1  ary  control  nodule  It  to  terve  at  the  Interface  between  the 
tytten  control*  twch  at  contrett.  brlfhtnett  and  polarity  control t  and  the 
tytton  power  tupply,  the  tcannpr.  and  the  pott  anpl I f I er /control  driver 


nodulet.  The  eunlllpry  control  nodule  previdet  control  and  procettlnf 
circuitry  for  9a I n  contend t ,  brlfhtnett  and  video  90te  conoandt  polarity 
conaandt  and  positive  and  neyatlve  voltage  regulator* . 


I.J  I 


The  technical  tpecl fleet  Ion*  of  the  Auelllary  Control  nodule  are  at 


Ift  Level  and  Cate  out  Sl9nel 


I*  Level  0  to  -I .5  Vdc 
Ceta  out  ♦! .0  Vdc  tpuar 


IR  bain 


Volt 


tain  Ccwa nd  1 
tain  Coward  2 


I*  Polarity  Control 


Polarity  Tranalant  Protection 


Scon  Failure  Protection 


Swot  1 y  VoltOfe  and  Currant 

Voltafo  (HI*  Power) 
(Loo  Power) 

Currant  (10  volts  dc) 
(-7.5  volts  dc) 

Aefuietor  Outputs 

Positive 

Nofatlve 


-3.0  to  03. 0  Vdc  (naelnel)* 

0.0  to  0.5  Vdc  (noalnal)* 
*Volte#e  Halts  will  depend  on 
systaa  raquiraaonts 


♦C.i  *0.25  Vdc  or  -3.5  *1.5  Vdc 

Invar tad  with  ret pact  to  each  other 

♦1  volt  (noalnal)  feted  level  on 
the  IP  level  and  9ate  wovefora, 
duration  of  1b0  *h0  alllitecondt 
at  each  operation  of  polarity 
swl  tch 

Contlnous  *1  volt  (noalnal)  fated 
level  on  I*  level  and  wovefora 
when  fete  alfnel  net  received 
for  duration  of  f renter  then 
120  *40  altlit 


♦10  volts  dc  and  -7.5  volts  dc 
*b.i  volts  dc  and  *7  volts  dc 
21  *3  ad  plus  2.5  *1  ad/ Chennai 
21  *3  ad  plus  2.5  *1  ad/ Chennai 


♦3.0  to  «4.5  Vdc  (adjustable) 
-3.0  to  -4.5  Vdc  (adjustable) 


In  wechenlcel  soec I f I  cat  I 
terfece  repul reaants  such 
flfuratlen,  I nter connect  I 
fomatlon.  refer  to  Sect  I 


Involved  with  in* 
aachanlcel  con- 
end  aountlnf  In- 
III. 


-1b#- 


SECT  10*  II 


FUNCTIONAL  DCSCAIPTIOh 

2.1  &CNCAAL 

T  he  euxl  1 1  ery  control  module  serve*  es  the  Interface  be  twee*-  system 
controls  end  the  S/Stem  power  supply.  Scanner ,  end  Post  Ampl I f ler /Control 
Orlver  modules  The  module  provides  processing  circuitry  for  gain  control. 

If  level  end  gete  control,  polarity  control  and  pot  It  I ve  end  negative  voltage 
regulators.  Test  points  ere  provided  for  the  two  gain  command* ,  the  polarity 
commands  and  the  composite  brightness  (I*  level)  and  video  gate  signal. 

To  develop  the  gain  control  signals,  an  external  gain  control  po¬ 
tent  I ometer  is  connected  to  the  Input  of  e  unity  gain  buffer  stage  adilch 
In  turn  drives  a  network  of  four  trim  potent lometers  on  the  module.  These 
trim  controls  are  used  to  set  the  upper  and  lower  Units  of  gain  command 
voltages  1  and  2.  The  gain  cam  sends  are  each  processed  through  a  steaming 
amplifier  which  Includes  e  temperature  compensating  diode  to  help  main¬ 
tain  gain  stability  over  temperature  extremes.  Cain  &o —and  voltages  I  end 
2  are  then  weighted  for  system  regul  remen ts  and  fad  to  the  first  end  second 
stege*  of  the  Post  Asipll  f  ler/Cont  rot  driver  module  es  tain  Commend  I  end 
Cain  Command  2. 

To  develop  the  IP  level  end  gete  out  signets,  the  DC  voltage  on  the 
am  of  an  external  brightness  control  potentiometer  Is  similarly  buffered 
end  steamed  with  the  video  gete  Signal.  Trim  potentiometers  ere  provided  to 
set  brightness  end  blanking  range.  The  polarity  control  signal  is  elso 
fed  Into  the  brightness  channel  to  eutamet I ce I ly  adjust  display  bright¬ 
ness  when  th*  polarity  switch  Is  activated  The  polarity  commend  end  In¬ 
verse  polarity  commend  ere  essentially  the  amplified  end  Inverted  signal* 
fry-  the  polarity  control  switch.  The  circuit  eutamet leal ly  supprasses 
switching  translants  that  night  occur  during  switching. 


Tha  posit Iva  and  nopativa  rapulator  circuit*  ara  both  standard  (aria* 
pan  typa  rapulators  «dneh  rafulata  hl^t  or  1m*  powar  voltapa  Inputs  from 
tha  tyttam  powar  supply  bafor*  thay  ara  fad  to  tha  othar  modulat  of  tha 
systaa. 


2.2.1  CAIN  CONTROL  CIRCUIT 

Tha  Infrarad  fain  control  or  pain  command  circuit  panaratas  and  appllas 
two  pain  c armond  slpnals  (Cain  Command  1  and  Cain  r a— and  2)  to  axtarnally 
connarta'i  widao  circuits.  Rafarrlnp  to  flpura  2-1,  Shaat  2,  tha  circuit 
consists  of  thraa  Intapratad  circuits  (IC's)  AR1,  M2  and  AR)  and  tr»n- 
t  stors  QIC  and  QJ5. 

Tha  dc  lava  I  (0  to  3  volts  dc)  on  tha  wlpar  of  an  aotarnal  IR  Cain  pe- 
tantlaaatar  I*  appliad  to  tha  Invartlnp  Input  of  a  hlph  lopadanca  unity  pain 
buffar  ampllflar  Ml.  Tha  stabla  dc  slpnal  laval  output  of  ARl  it  appliad 
across  trio  potant Iona  tars  RJ7  and  R)8  whlran  ara  adjustad  to  tat  tha  maxi¬ 
mum  pain  of  Cain  Conn and  1  and  Cain  Command  2  r as pact  I valy.  Trim  potant I o- 
matart  R)9  and  AC8  ara  tlmllarly  adjustad  to  sat  tha  minimum  pain  of  tha 
two  pain  command*.  Tha  dc  lavals  on  tha  wlpars  of  R37.  **»8  and  R3€,  *38 
ara  appl lad  to  tha  Invartlnp  Input  of  ampllflar  M)  and  AR2  raspactlvaly. 
Oloda  CR11  and  astoclatad  rat  I  stors  RC9  and  R$!  provlda  tampa.-atura  com- 
pansatlon  to  halp  maintain  pain  stability  ovor  tamparatura  amtrama* 

Tn»  output  of  AR3  |«  app'lad  to  tha  bat  a  of  drlv#  tr.tmi'iar  Q15  which 
aml*tar  cowplas  tha  dc  laval  to  connactor  pin  -22  as  Cain  Command  1  Out 
slpnal.  Similarly,  tha  output  of  AR2  Is  appliad  to  tha  basa  of  drlva  tran¬ 
sistor  QIC  and  amlttar  coup  I  ad  to  connactor  pin  H  -7  as  Cain  Command  2  out. 


n*»r«  H.  AuRlIlary  Control  total*  Srhomrlc  Dlograa  (Shoot  2  of  2) 
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Th«  sin  Command  1  and  Cain  Comand  2  »  gnals  arc  fad  to  the  first  and  sec¬ 
ond  stages  'aspect  vely  of  the  Post  Ampl i f  er/Controi  Or  *#f  nodule 

2.2.2  IP  LEVEL  AND  CATE  OUT  SIGNAL  CIRCUIT 

The  IR  level  and  gate  out  signal  circuit  generates  the  output  s  gnal 
functions  which  control  the  system  video  signal  on  and  off  tines  Referring 
to  Elgure  2-1  .Sheet  2,  the  circuit  cons  Sts  of  two  IC  amplifiers.  ARi*  and 
AR$ .  and  six  transistors  Q16  through  QZ 1 

The  dc  level  on  the  wper  of  an  external  system  brightness  IR  Level) 
control  Is  applied  to  the  noninverting  Input  of  buffer  amplifier  ARh  The 
dc  level  output  signal  of  ARu  Is  applied  across  potentiometer  R71  (IR  LEVEL 
NEC.  ABJ.)  wh  ch  is  used  to  set  the  system  brightness  range  Potent > oeeter 
R82  (CATE  POS  ABJ)  Is  used  to  set  the  system  blanking  range.  The  w  pars  of 
R71  and  Rfi2  are  applied  to  the  inverting  Input  of  amplifier  AR5.  The  IR 
gate  pulse  and  polarity  transient  suppression  signals  are  also  added  to  the 
IP  level  at  this  point  as  described  in  more  detail  in  following  paragiaphs. 


The  output  of  ARC  Is  applied  to  the  beses  of  complementary  coupled  drive 
transistors  Q20  and  Q21  and  Is  am  tier  coupled  by  <220  and  <221  to  the  ex¬ 
ternally  connected  video  circuits  through  connector  pin  PI-ID  as  the  IR 
Level  end  Cate  Out  signal. 

The  IR  Gete  pulse  generated  during  scan  turn  around  by  the  Sea n  &  l-t*rl#ce  nodule 
Is  applied  to  the  base  of  transistor  QIC,  turning  QlC  on.  'rhe  output  pu  se  of 
QIC  Is  capacltlveiy  coupled  by  capacitor  Cl)  to  tha  base  of  trans  stor  Q17 
turning  Ql  7  off.  Will  Q17  off.  the  base  of  transistor  Ql8  Is  blasad  on  for 
the  duration  of  the  IR  Gate  pulse  Input  V) th  Ql8  or,  the  IR  Cate  p>  Ise  s 
added  to  the  IR  level  at  the  Inverting  rtput  of  amplifier  ARr  The  <«es  pr¬ 
of  thr  IR  Gate  circuit  also  provides  seen  failure  protection.  Failure  of 
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an  IK  Gate  puls*  Input  for  a  purls*  greeter  than  120  *A0  milliseconds 
par*!**  capacitor  Cl 3  to  charge  to  It*  peak  value  through  tha  emitter 
ha* a  junction  of  tran*  stor  GJ7.  >fh*n  Cl)  approaches  It*  peek  charge 
tha  base  of  3l  7  will  be  reverse  biased  shutting  (1)  7  off.  «flth  QJ  7  off, 
t-ansl stor  3.1 9  I*  turned  on  an*  hold*  tha  IK  lav*!  an*  gat*  out  signal  In  tha 
9*t*  mod*.  this  protacts  an  meg*  Intanslflar  tuba  or  othar  pick-up  davlc* 
vjJ-  as  a  vi *i con  tuba  from  lamaqe  that  night  occur  If  allowa*  to  *wal I  on 
an  amlttar  array  without  scan  for  an  extended  par  I  o*  of  t  In*. 

2.2  3  FOLAKITY  CONTROL  CIKCUIT 

tha  polarity  control  circuit  ganaratas  tha  polarity  an*  Inverted 
polarity  :qwnan*s  for  tha  systan  video  circuits  and  a  polarity  tr*ns«*nt 
suppression  signal  which  Is  added  to  tha  IK  Laval  and  Cat*  Out  signal  to 
prevent  blooming  of  the  viewed  video  display  whan  the  polarity  switch  Is 
activated.  Kafarrlng  to  Figure  2-1.  Sheet  2,  tha  circuit  consists  of 
transistors  322  through  028  and  !C  amplifier  AOt 

Activating  tha  external  system  polarity  switch  connected  to  connector 
pin  FI -1  applies  -A. 8  volts  de  to  tha  base  of  buffar  amplifier  transistor 
322,  turning  022  on.  The  signal  on  tha  cal  factor  of  022  Is  sent  to  tha 
v. dec  system  through  connector  pin  FI -2  as  Folarlty  Command ,  In  addition 
tha  signal  Is  also  Inverted  by  transistor  328  and  sent  to  tha  video  system 
through  connector  pin  F|-|b  as  Folarlty  Conmend  (Inverted). 

‘Aten  buffar  amplifier  322  Is  turned  on  by  activation  of  the  polarity 
switch  tha  voltage  drop  across  resistor  Kgi  turns  puls*  shaper  transistor 
323  off  developing  a  negative  going  puls*  on  the  cal  lector  of  transistor 
'32 A.  "ha  negative  going  puls*  Is  capacitive  coupled  by  capacitor  CIS  and 
forward  biases  diodes  CF| U  and  CK15  thus  turning  02*»  off.  With  32**  off. 
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transistor  525  is  turned  on  and  discharges  jpic  to r  Ctt.  The  resultant 
Mu*rt  wave  shaped  output  pul**  fro*  the  col  lector  of  Schmitt -trigger 
circuit  transistor  524  is  applied  to  the  Inverting  input  of  It  amplifier 
**b.  Th«  output  of  Is  applied  to  driver  transistors  526  and  ®7.  Tho 
output  fro*  the  emitter  of  52*  Is  applied  to  tho  bosa  of  transistor  Qig 
Thus,  tha  polarity  transiant  supprasslon  s tonal  on  tho  col  I  act or  of  Qlf 
Is  added  to  tho  I*  Lows  I  at  tho  inverting  input  of  **5  to  prevent 
blooming  on  the  viewed  v I doo  display  when  tho  system  polarity  switch  Is 
activated. 

2.2.1*  VOtTACE  SEOUL  ATOP  CIRCUITS 

Tho  positive  and  negative  voltage  regulator  circuits  are  both  stand¬ 
ard  series  pass  regulators.  They  ore  designed  to  operate  In  either  of  two 
sodas,  a  low  power  node  (*4.|  volts  dc  and  *7  volts  dc) ,  or  a  high  power 
soda  (*10  volts  dc  and  -7.5  volts  dc).  Referring  to  figure  2-1,  Shoot  1,  the 
positive  voltage  regulator  consists  of  transistors  51  through  %  and  tho 
negative  voltage  regulator  transistors  01  through  513  with  FCT  transistor 
57  common  to  both  regulators.  Since  the  positive  and  negative  voltage  reg¬ 
ulators  are  mirror  images  of  each  other  and  both  operate  in  the  sows  manner . 
the  description  of  the  positive  voltage  regulator  provided  In  following  para¬ 
graphs  will  also  hold  true  for  tha  negative  regulator  with  appropriate  changes 
in  reference  das i gnat  Ions . 

In  the  high  power  mode,  the  *10  volts  dc  supply  voltage  from  the  system 
sour  supply  s  applied  to  the  collector  of  series  pass  transistor  QJ  through 
connector  pin  Fl-lJ  The  bosa  current  of  QJ  and  therefore  the  voltage 
drop  across  53  end  the  resultant  output  voltage  at  the  emitter.  Is  controlled 
by  drive  transistor  52.  TFT  trens  stor  Q7  acts  Ilka  a  variable  resistor  to 
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w*p  tha  voltofa  Kroit  4  <  odas  CM2  and  CM)  constant,  thus  nalntalnlnf 
tha  basa-anittar  valtapa  of  transistor  Q)  constant.  Thprafcra,  transistor 
®  acts  as  a  constant  Currant  sourco  to  proviso  currant  Srlva  to  transistors 
<S,  03  and  QV. 

In  tha  low  pswor  sofa  oparatlon  Is  slnllar  to  that  SoscrlboS  abavo 
aacapt  that  transistor  Q|  sets  as  tha  sarlas  pass  transistor  I ns toad  of 
03.  Tha  law  pemr  supply  uoltapa  Is  apptlod  to  tha  co Doctor  of  01  throu^t 
connactor  pin  Rl-ll.  Transistor  Q)  acts  llha  a  Slops  bocausa,  with  ravarta 
bias  on  SloSa  CMl ,  tha  caDactor  of  03  Is  an  opon  circuit. 

Transistors  OS  snS  0 $  form  a  voltapa  tantlnf  differential  anpllflar 
which  canparas  tha  portion  of  tha  output  voltapo  astabllshoS  by  tha  sat  - 
tlnp  of  potant lonatar  R12  anS  appllaS  by  tha  wiper  to  tha  boss  of  00  to  a 
rafaranca  voltepa  on  tha  boss  of  01  astabllshoS  by  raslstor  Mlb  anS  ranar 
SloSa  CMS.  Should  tha  output  vat  tape  start  to  Incraasa,  tha  basa  Srluo  of 
OS  Ineroasas  ,  decreasing  tha  Srlva  currant  to  transistors  01  snS  03, 
anS  rat  um  I  ns  tha  output  vot  taps  to  tha  value  astabllshoS  by  tha 
setting  of  Mil.  Should  tha  output  voltage  start  to  Sacroasa  tha  basa  drive 
of  QS  Sacraasas.  thus  Incrasslnf  tha  currant  through  02  anS  03  until  tha 
output  voltage  raturns  to  nomal.  Rot  ant  I  ana  tar  Ml  2  providing  tha  rot  tOfO 
sons  Inf  voltage  to  tha  basa  of  OS  can  bo  adjusted  to  proviso  a  regulated 
output  voltafo  of  fran  *3.0  to  b.5  volts  Sc. 

Transistor  Qb  acts  as  a  currant  llaltar  to  proviso  short  circuit  ovar 
currant  protact  Ion.  Un4or  nomal  operating  cenSI  t  Ions,  tha  volt  of*  Snap  across 
resistor  M*  Is  not  sufflelant  to  bias  0b  on.  However,  If  a  short  circuit 
csnSItlen  thou  IS  davalop  In  tha  externally  connactad  load,  tha  voltage  Srop 
across  *9  would  Incraasa  sufficiently  to  turn  Qb  on.  With  Qb  on,  tha  basa 
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drive  current  supplied  to  02  by  the  constant  current  source  would  he  used 

by  Qf*  thus  doc rees I nf  the  current  avelleble  for  H  end  Q).  Turnip  off 

02  end  33  protects  the  nodule  frea  denofe  do*  to  excess  ire  cur-ent  over  loads 
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SCCTION  III 


IMTfftMCf 

j.t  mummm 

Flyura  J-l  thaw*  tha  part  Inant  out  Una  and  nountlny  data  far  uaa  of  the 
daalynar  In  Incorporatlny  tha  Auxiliary  Control  xedu la  In  a  in  tan  layout. 

Meta  that  tha  dinentlont  and  tolarancaa  raflact  tha  actual  drawl ny  data 
uhich  In  iom  cate*  dlffar  from  or  1  up#1  —ant  tha  data  In  tha  02  tpecl f (cation. 
Flyura  3*2  It  a  photoyraph  of  tha  nodule  and  Flyura  3*3  I*  a  part* 
location  drawlny. 


All  tlynelt  and  c —wands  ara  connactad  throuyh  FI  to  a  connactor  on 
a  netherboard  or  nlrlny  hameas.  Tha  tatt  connactor  J$  it  not  uaad  In 
noma  I  operation  hut  tha  detlyner  thould  contldar  provldlny  clearance 
to  that  a  tatt  pluy  can  ha  connactad  to  It  without  nood  for  wftlny  an  aatandar 
for  FI.  Accost  should  ho  provided  to  tha  trio  potent  I  oaatars  at  tha  top 
of  tha  mdwle.  Each  and  of  tha  aodwia  oat  ha  supported  hy  a  suitable  nountlny 
slide.  For  appl I cat  Ians  Involvlny  severe  tKack  or  vibration,  poaltlvo  aeant 
Should  be  provided  to  retain  tha  nodu.a  In  tha  fully  any ay ad  petition. 


A I  thou yh  tha  Auxiliary  Control  Nodule  power  dltslpatlon  It  only  2.2b  wattt, 
relatively  snail  In  tha  ovaral I  syttam,  It  "u*t  be  taken  Into  account 
durlny  tystar  datiyn.  Aefer  to  Section  Ilf  of  Chapter  I  for  a  detailed 
dlscutt Ion  of  the  tystan  thamai  datiyn  contl deration*. 
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3.4.1  INPUT  CHARACTER!  ST  ICS 


(•)  Volt ay#  *10  and  -7.5  volt*  dc  or  ♦  4.1,  and  *7.  -7  volt*  dc 


(4)  Currant:  28  *3  el 1 1 I papers*  plu*  2.5  *1  at  masters*  par  channel 
at  *10  volt*  dc  and  21  *3  ml  111  papers*  plu*  2.S  *1  alii  I 
aapora*  par  channel  at  -7.5  volt*  dc 


3.4.2  OUTPUT  CHARACTERISTICS 

(a)  IR  laval  and  90ta‘-  rectenyular  waveform,  *1  and  0  to  -1.5  volt* 
nan I  no  I  a*  follow*: 

+  1  VOLT  If  ATI  LltRlTI 


vioto  oa 


Ropotitlon  rata,  duty  cycla. 
Halt*  will  dopond  on  *y«toa 


^  0  TO  —  1.5  VOLT*  1 1  ■  LtVtL  ADJUST  » 

wovofora  vclteya 
il  roaant*. 


(4)  IR  aali 


tain  c—a nd  volt eye  \  -3.0  to 
*3.0  volt*  dc  non Inal ;  yaln  co 
■and  vo I t 09a  2,  0  to  0.5  volt 
dc  naalnal 


voltofo  Halt*  will  dopond  on  systoa 


(c)  Positive  regulator: 

(d)  Noyat I va  reyuletor: 
(a)  I*  polarity  control: 


(f)  Scan  failure  protect 


adjustable,  *3.0  to  *4.3  volt*  dc 
adjustable.  -3.0  to  -4.5  volt*  dc 
♦0.4  *0.25  volt  dc  or  -3.5  *1 .5 
volt*  dc;  output*  will  4o  Inver tod 
with  respect  to  ooch  other 

continuous  opted  level  of  *1  volt 
naalnal  on  IR  level  and  fata  wove- 
fora  irtipn  yet*  tlynel  not  received 
for  duration  f rooter  than  1 20 
*40  alii (second* 


3  A.  3  PROCESS  INC  CHARACTERISTICS 

(a)  Polarity  transient  suppression 


Provide*  a  9* ted  level  of  *1  volt 
naalnal  on  IR  level  and  yets  wove- 
fom  for  140  *40  millisecond*  at 
each  operation  of  system  polarity 
•witch 
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i.U.k  ANCILLARY  ELECTRICAL  DESIGN  COM3  (DERATIONS 

(*)  Althouyh  the  Auxiliary  Control  modulo  hot  a  spaclffad  rayulatad 
ad  jus  tab  I  a  output  of  from  »3  .0  to  +U.$  volts  dc.  It  should  ba 
notod  that  xanar  dloda  (CRS  on  schamatlc  d I  apron  Flyura  2-1, 

shaat  I),  utad  In  tha  rayulator  circuit,  Hat  a  ratlnj  of  3.3  volts. 
If  a  voltaya  ranylny  fro*  *3 .0  to  3.3  volts  1%  attamptad  to  ba 
mad.  axeasslva  rlppla  and  a  non-rayulatad  output  Is  1 1 ka I y  to  ba 
obtalnad. 

(2)  Tha  Auxiliary  Control  modulo  Is  capabla  of  oparatlny  with  a  "low 

pomar  systam  Supply  voltaya"  or  a  *hlyh  powar  SyStam  Supply  voltaya'1 
as  follows: 


Connoctor 

Low  Rowar  Systam 

Nlyh  Rowar  Systam 

ri 

Supply  Voltaya 

Supply  Vo 1  toys 

(a  In  *>J* 

(volts,  dci 

(vlts.  dg) 

It 

♦7.0 

Mo  cormoctlon 

23 

♦4.1 

♦10. 0 

20 

-7.0 

-  7.5 

25 

-4.1 

-  7.5 

*Saa  schamatlc  diagram  Flyura  2-1,  thaat  I 

Thnra  Is  no  advantaya  In  oparatlny  tha  Auxiliary  Control  with  tha  'lilyh 
pcMar"  supply  voltayas.  If  tha  systam  uni  qua  powar  supply  has  tha  capability 
of  supplylny  tha  'low  powar"  supply  voltayas,  tha  "low  powar"  supply  voltayas 
should  ba  usad. 

(3)  Tha  Rostampll flar  voltaya  pain  Is  proyrammobla  from  10,000  to  11,000 
volts  par  volt  by  moans  of  tha  tain  Coxsaand  outputs  of  tha  Auxiliary 
Control  modulo.  Tha  tain  Command*  outputs  ara  sat  fcy  10,000  ohm 
raslstors  R37,  R3®.  R39  and  R4®  (soa  schamatlc  dlayran  Flyura  2-1, 
Shaat  2)  and  must  ba  adjustad  to  provlda  tha  yaln  as  rayul  rod  by 
tha  systam. 
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<b) 


(5) 


Tha  IR  Cain  (ContrMt),  IR  Laval  (Irtghtnaaa)  and  Polarity  central 
*hown  on  achonatlc  diagram  Flyura  1-1,  Shaat  1  art  part  of  tha 
ay*  tan  uni  qua  Front  Panal  and  art  ahaur  for  rafaronca  only. 

Tha  ayata*  raqul'od  IR  Laval  and  Vldao  OR-OFF  tlaa  ara  provldad 
by  adjuataanta  of  raalatora  *71.  S000  ohm  and  R§2,  10,000  otot 
rapactlvaly  (aaa  achanatlc  d  I  ay  ran  Flyura  2-1,  Shaat  2)  and  naat 
ba  aat  appropr lataly . 
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SECTION  IV 


ALIGNMENT /MAINTENANCE 


This  faction  provisos  Information  on  tha  tast  and  alignment  requl rements 
to  ha  cons  I  de  rad  in  tha  u«a  and  application  of  tha  AtmMlery  Control  Module. 

Presented  heraln  ara  tha  tast  equipment  requl rements .  tast  sat  up,  ad¬ 
justment.  and  alignment  techniques. 


The  foi laming,  or  aqulvalant,  tast  equipment  Is  required  to  perform  tha 
necessary  operational  tests,  alignments.  adjustments  on  tha  AuMlIiary  Con¬ 
trol  Modula. 

4,2.1  STANOARO  TEST  EQUIPMENT 

Table  4-1,  following,  presents  a  listing  of  cow arclal  ly  available  equip¬ 
ment  mhleh  has  bean  found  to  be  adequate  for  testing  of  this  motile. 

TA01E  4-1 


EQUIPMENT 

Pwar  Supply 
Oscl lloscapa 
function  Generator 
Digital  Multimeter 

4.2.2  SPECIAL  TEST  EQUIPMENT 


STANDARD  TEST  EQUIPMENT 
MANUFACTURER 


Tpktronles 

Wevetefc 

Fluke 


MODULE 

LP0422  FM 
453 
110 


A  test  sat  should  be  fabricated  to  provide  a  convenient  means  of  mount¬ 
ing  tha  module.  Interconnect Ing  tast  equipment,  and  providing  tha  Input  control 
and  load  simulation  required.  Spa  Figure  4-1. 
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MitflUAftY  COMTDOL 


Ho  special  tools  ere  required  to  test  the  Auxl i lory  Control  Module 


a. a  test  set  Of 

A  typical  lest  set  up  inter-connection  di agree,  is  shown  In  Figure  A -2 


Operational  status  of  -he  Auxilary  Control  Module  way  be  determined 
by  the  following  tests. 

A.$.1  ELECTRICAL  TESTS  ARC  AOJUSTHEKTS 

Perform  each  test  In  the  order  presented.  As  each  action  Is  completed 
verify  a  proper  -esponae  before  proceeding  to  the  next. 


A.i.t  .1 

A. 5. 1.1.1  Connect  the  Auxiliary  Control  Modj1e  to  the  test  set  as  shown 
In  FI  gore  A-l . 


A. 5. 1.1. 2  Using  the  ohmmeter  function  of  the  digital  multimeter,  measure 
the  resistance  between  test  point  8  and  test  point  1. 

The  resistance  shall  be  1,0  l  ohm  TO. 02  F  ohm. 

A. 5. 1.1. J  Measure  the  resistance  between  test  point  1  and  test  point  8. 

The  resistance  shall  be  5. **9*  ohm  20.11F  ohm. 

A. 5. 1.1 .A  Interconnect  the  test  set  and  test  equipment  as  shown  In  Figure  A-2. 
A. 5. 1.1  .5  Verify  that  all  the  above  Interconnections  are  properly  made. 

A. 5  1 .1 .€  Turn  all  test  equipment  on  and  ad ' us t  the  power  supplies  to  *7.0V 
TO  1  and  -7.0  *0.1*. 


A, 5  1 .2  Input  Current  Measurement 

Using  the  ml  i 1 iamsahrr  funct Ion  of  the  digital  multimeter  measure  the 
current  being  drawn  from  each  o*  the  supplies  by  the  Auxiliary  Control  Module. 
The  current  shall  be  18.0  me  *5  me  for  each  of  the  supplies 


,  connected  to  tost 


4.5. 1.3 

*•.5. 1.3.*  With  the  digital  nultlneter,  In  voltage  node 
point  V,  adjust  »he  positive  regulator  potent laneter,  HI 2  on  the  Module, 
over  Its  full  range*  (see  Figure  4-J  for  location  of  *12). 

The  output  voltage  shell  very  between  ♦J.O  to  4.5  Vdc. 

4.5.1  .  J  .2  Readjust  positive  regulator  potent laneter  to  J.5  *O.IV  at  test 
point  4. 


4.5.1 .3.3  Momentarily  depress  the  r*eg  Load  switch.  Mote  the  digital  Meter 

Indlcet Ion. 

The  difference  between  the  readings  of  4.5.I.J.2  end  4. 5. 1.3. 3  shell 
be  no  More  then  JO  Millivolts. 

4.5.1  .4  ■^et»ve_MeayletoL_Outgyt  Kong/ggulyt  .on 

4. 5. 1. 4.1  Connect  the  digital  Meter  to  test  point  3  end  adjust  the  negative 
regulator  potent  I  owe  ter,  *18  on  the  Module,  over  Its  full  range,  (see  Figure 

The  output  vo'tage  shell  very  between  -J.O  to  -h.5  Vdc. 

4.5.1 .4.2  bead  just  the  Negative  Aeguletor  potent loneter  to  -3.5  *0.1V  at 
test  point  3. 

*.5.1  4,3  Momentarily  depress  the  -  *eg  Load  switch.  Note  the  reeding. 

The  difference  between  the  -codings  of  4. 5. 1.4. 2  end  4. 5. 1.4. 3  shall  be 
no  npre  than  JO  Millivolts. 

4  •  1.5.1  Adjust  the  test  set  I*  Gain  Control  to  Meelnun  clockwise  position. 
*•.5  1.5.2  Adjust  nodule  Gain  Cowean d  1  and  2  Me*  Ad)  (*37  end  *38)  to  full 
counter  clockwise  position. 

-*.5. 1.5. 3  Connect  the  digital  meter  to  test  point  11.  Adjust  nodule  Gain 
onnond  2  Ml n  AdJ  (*3f)  to  obtain  -2.0  *0.1  Vdc  at  test  point  II 
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4. 5. 1.5. 4  Connect  the  digital  neter  to  teat  point  10.  Adjutt  nodule  Coin 
Conwond  1  Hln  AdJ  <R40)  to  obtain  -1.0  *0.1  Vdc  ot  teat  point  10. 

**.5. 1.5. 5  Adjuat  nodule  Coin  Comond  1  Mo*  AdJ  (*I7)  to  obtain  1,0  *0.1Vdc 
•t  toot  point  10. 

4. 5. 1.5. 4  Connect  the  digital  neter  to  toot  point  11.  Ad|u*t  nodule  Coin 
Connend  2  Mo*  AdJ  f*3i)  to  obtain  ♦  2.0  *0.1  Vdc  at  toot  point  l|. 

**.5.1.1.?  Rotate  the  toot  oet  I*  Coin  Control  over  !to  full  range. 

The  Coin  2  output  voltage  at  toot  point  11  that!  vary  between  *2.0 
*0.1  Vdc  to  -2.0  *0.1  Vdc. 

C.S.1.S.I  Turn  toot  oet  Coin  2  Load  Switch  on  and  repeat  paragraph  4. 5. 1.5. 7. 

The  gain  2  output  voltage  oholl  vary  between  *2.0  *0.1  Vdc  to  -2.0  *0.1  Vdc. 

4.5.1 .5.5  Move  the  water  connection  to  teat  point  10  to  noniter  tho  range  for 
gain  1. 

4.5.1.5.10  Adjuat  the  teat  aet  H  Coin  Control  over  Ita  full  range. 

The  Cain  1  output  voltage  at  teat  point  10  ahell  vary  between  ♦!  .0  *0.1 
Vdc  to  -2.0  *0.1  Vdc. 

4.5.1.5.11  Turn  teat  aet  Cain  1  Load  twitch  on  and  repeat  paragraph  4.5.1.5.10 

4. 5. 1.4. 1  Set  the  Teat  aet  Ift  Level  Control  to  Ita  full  etoclerlae  petition. 

4. 5. 1.4. 2  Set  the  nodule  Ift  Level  Nog  AdJ  (071)  fully  counter  eloctedae. 

4. 5. 1.4. 3  Apply  e  10  volt,  40  Hz  olgnel  to  the  teat  aet  I*  Cate  Input  at 


ahown  In  figure  4-2. 

4. 5. 1.4. 4  Monitor  the  I*  Level  output  with  an  o*e  1 1  lot cope  connected  to 
tet’polnt  5. 

4. 5. 1.4. 5  Ad | ut t  nodule  Cote  hot  Ad)  (0*2)  to  aet  the  positive  portion  of 
the  waveform  to  1.0  *0.1  volt*.  (See  figure  4-4) 
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*.5. 1.4. 4  Arfjwtt  «o*wl#  Lovol  Hof  A*J  (*71)  to  tot  the  no**tlv*  portion  of 
tho  wovofo ro  to  -1 .5  *0.1  volt*,  (too  Flywro  4-4) 


III  GATE  LEVEL  OUTPUT  (I*  LEVEL  C  OUT  ML 
*U  01) 

FIMM  4-4 


I 

A. A. 1.4. 7  Aotot#  tho  toot  tot  I*  Lovol  Control  fruo  I  to  fully  tlodolM 
position  to  fvlly  eovntor  cl  octal  to  on*  Pock  to  fully  cloctaloo. 


*>.$.1.7.1  A—furo  tha  voltaya  Output  at  tMt  tat  tMt  point  9. 
Tha  voltaya  thall  bo  0.5  *.15  Vdc. 


*>.$.1.7.1  *0Mvr«  tha  vo I  toft  output  pt  toft  tot  to«t  point  7. 
Th*  voltaya  •Hall  ka  -J.5  *1 .5  *d«. 


*>.5.1 

*>.5.« 


.8 


.1.1  Htatura  tha  voltaya  output  at  tatt  Ht  tatt  point  9. 
Tha  voltaya  thall  ko  -3.5  *1,5  Vdc. 


*>.5. 1.8.1  *Wotwra  tha  voltaya  at  tatt  tat  tMt  point  7. 

Tha  voltaya  shall  ko  0.4  *.15  Vdc. 

*>.5.1  NICHANICAL  AUCMNCNT 


No  ua  chan  i  cal  all  f—ant  It  royulrod  for  tha  **«l  I  Iprv  Control  haduta, 
hoMpvor,  tyttan  layout  should  provldo  for  convonlant  accottlkl llty  to  tha 
alfht  adjuttnan*  potant lanatart . 

*>.5.3  AO  JUS  ThC  PT  (N  THC  SVSTtH 

Adjuttnant  of  tha  Cain  fa— and  Veltayat.  IN  Laval  and  Cat a  Period,  and 
Potltlvo  and  Npyatlva  Noyulatod  Vol tayot  dapand  on  tho  uatny  tyttan  royal ra- 

nontt.  Accordlnyly,  no  dotal  lad  proaodoca  It  proaantod  harp. 

At  prallnlnary  ttapt  uhon  tyttan  royulro— ntt  Sava  koan  attakl It hod, 
tha  procadura  out  I  load  In  parayrpph  *>.$.1  nay  ha  folio— d,  tukttl  tut  Iny 
tha  rayulrad  tyttan  lava It  for  that a  protontad  ha  rain. 


Tha  Am* 1 1 1 ary  Control  ftadula  royvlroa  no  tpoclal  nalntanonoo  at t ant  Ion 
othar  than  tha  rout  Ina  procodurot  folia— d  for  yanoral  a  I  act  ronlc  ayulp—nt. 
No  tint  ehanya  conponantt  ara  can to I  nod  In  thlt  aodula. 
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SKCT10M  I 

coiCMi  ocscmmoN 

i.i  umwMCTiaw 

The  Inf rare*  lies  Regulator  module  hereinafter  called  the  bias  regulator 
Supplies  a  highly  regulated  lew  no I**  law  Impedance  source  wf  5  volt*  4c 
power  to  the  detect or/dewer  nodule.  Tha  bias  regulator  Is  capable  of  pro¬ 
viding  6  ml  I '  I  amperes  par  channel  up  to  »  neiilnun  of  ItO  channels  or  1.2 
amperes  na*‘mun.  Tha  bias  regulator  It  emprise*  o'  discrete  transistors, 
power  transistor  heatsinks  and  discrete  components  mounted  on  a  printed 
mI  ring  board  (*ft)  . 


The  bias  regulator  module  has  baen  designed  to  be  Interfaced  with  other 
major  common  and  special  modules  to  form  an  Integrated  former*  Looking  In¬ 
frared  (HI*)  or  Thermal  Imaging  System,  The  primary  function  of  tha  bias 
regulator  !•  to  convert  a  *9.S  to  10  volt  dc  primary  power  Input  from  the 
system  power  supply  Into  a  source  of  highly  regulated,  lew  noise,  low  Im¬ 
pedance  5  volts  dc  at  1.2  ampere  power  to  supply  the  bias  voltage  for  the 
detector  elements  of  the  common  or  a  special  detect  or /dmaer  module. 


I 


Th*  tochnl cal  tpoclf I  eat.  on*  for  tho  Hot  Ooyulator  aoOula  oro  a* 


follow* 


Input  Vo It *9#  and  Curront 
Vo I  too* 

Cur root  (♦! 0  Vd c  Inout) 

Output  Voltayo  *nd  Curront 
Vo I  toy* 


Curront 


Curront  Halting 
Output  loooOonco 
Lino  ftojoct Ion 


;i  fixation 


♦*.5  to  10  volt*  4c 

I)  *0.004  nftllaaporo*  (no  too*) 


♦$  *0.2  volt*  4c  *t  2)*  *2*C 
♦5  -0.5  volt*  4c  -54*  ♦?! *C 


1.2  oaporo*  or  4  oilllaoporo*  por 
chon n# I  up  to  0  MOM  I nun  of  ttO 
chonoo I • 

t.5  *0.25  *+ 


0.3  ofm  to  50  k*t 
50  44  to  50  kM* 


for  nochanlccl  *pocl f I  cat  I  on*  I'rolvOd  with  In- 
tarfoca  royulronont*  *wch  o*  nochonleol  cooflyu- 
ration,  Intarcoonoctlon  and  noun  tiny  Inforoiatlon, 
rofor  to  Soctlon  III. 
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SCCTION  II 


FUNCTIONAL  DCSCRIFTION 


2.1  GCNCMl 

The  bias  requletor  module  supplies  a  hlfhly  requieted,  lew  nets*.  I  cm 
impedance  source  of  5  volt  ft  bios  voltape  to  the  detector  elements  of  the 
detector/  dewer  nodule.  The  regulator  circuit  Is  e  standard  disslpetlve 
sjrles  pess  repuletor.  Oise  unique  cherecter  1st Ic  of  the  module  Is  the 
9  round  I  r»p  arrangement The  return  from  the  detector  common  should  be 
mode  directly  to  the  source  9round  to  eliminate  noise  from  the  return 
circuit.  To  prevent  qround  loops,  the  output  return  Is  not  connected  to 
the  Input  return  on  ’he  module.  No mover,  if  the  eeternel  §r ound  connection 
is  Interrupted  or  misslnp,  diode  CAb  or  CR5  (See  Flqure2*l)  mill  switch 
on  to  complete  the  return  peth. 

*.*  THEORY  Of  onMTIQN 

2.1.1  CIRCUIT  DCS C* I  FT  1 0* 

The  *9.S  to  10  volts  dc  from  the  system  p ewer  supply  enters  the 
module  et  connector  pin  fl *S  end  Is  applied  to  the  collectors  of  drive 
transistors  02  end  0)  end  series  pess  trenslstort  Qb  end  05  (See  F I  pure  2 -1 
The  base  current  of  Qb  end  05.  end  therefore,  the  velteqe  drop  across  Oh 
end  05  end  the  resultant  output  vcltepe  et  the  emitters.  Is  controlled  by 
drive  transistors  01  end  03.  FfT  transistor  Q7  acts  like  e  variable  re* 
sistor  to  keep  the  voltepe  across  diodes  CR2  end  CRI  constant.  With  the 
volteqe  ecross  CR2  end  CR3  constant,  the  base-emitter  voltepe  of  tran¬ 
sistor  41  acts  as  e  constant  current  source  to  supply  the  current  drive  to 
the  series  pess  repuletor  transistors  02  0JC  0b  end  05- 


L 

i 

Transistors  Q0  and  09  form  a  volt  *9*  sensing  differential  amplifier 
uh  eh  comperei  e  sampling  of  the  output  volt  aye  to  a  referance  voltage. 
Resistors  *18  and  *23,  *2b  form  e  voltage  tensing  divider  network  which  pro¬ 
vides  the  output  voltage  sample  epplled  to  tha  base  of  Ql.  Resistor  *21 
and  xener  diode  C*7  establish  the  raferenee  voltage  applied  to  the  base  of 
09  The  output  voltaye  may  be  adjusted  up  or  down  by  changing  the  value 
of  trim  resistor  R2U.  thus,  chanqlny  the  output  sample  voltaye  at  the  base 
of  08 

Transistor  Qb  acts  as  a  current  limiter  to  provide  short  circuit  pro¬ 
tection  to  the  module  circuitry  should  en  over  current  condition  develope 
In  the  output  voltaye  external  load. 

2.2.2  RCCUtATOA  CIRCUIT  0*CRAT!0N 

The  reyuletor  circuit  operates  In  the  follewlny  m-nner  to  provide  a 
reflated  *5  volts  dc  at  connecter  pins  *1-3,  *  and  9.  If  the  output  volt- 
09a  tries  to  Increase  above  *5  volts  dc ,  the  Increase  In  voltaye  Is  sensed 
by  resistors  *18  end  *23  end  the  voltaye  at  the  base  of  transistor  08  Increases 
ceuslny  the  current  flow  throuyh  08  to  Increase.  Since  the  current  Is  sup¬ 
plied  by  e  constant  current  source  (Q1 ) ,  the  Increased  current  flow  throuyh 
08  decreases  the  current  drive  available  to  series  pass  transistors  02 
throuyh  05.  The  decreased  current  flow  throuyh  the  series  pass  transistors 
reduces  the  output  voltaye  until  the  *5  volts  dc  Is  attained. 

When  the  *5  volt  dc  output  voltaye  tries  to  decrease,  the  opposite 
sequence  occurs.  The  base  drive  to  08  decreases  end  the  current  drive  throuyh 
series  pass  transistors  02  through  05  Increases  until  the  output  voltaye 
analn  stabilise  at  the  ♦$  volt  dc  level. 

• 

i  « 
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2.2.J  CUNNCWT  UNITE*  OPE NATION 

Transistor  05  Kt«  ••  a  current  Heitor  to  provide  short  circuit  or 
overcurrent  protect  (o'!.  Under  a  abort  circuit  condition,  the  output  cur¬ 
rent  la  limited  to  1.5  *  0.25  •'"pares  Tha  currant  limiter  circuit  oparataa 
aa  follows 

Under  no mat  operating  conditions  with  proper  output  loading,  tha  volt- 
apa  drop  eernts  currant  sensing  raaiatora  Nlh  and  *15  la  not  sufficient  to 
turn  %  on.  However,  If  a  short  circuit  condition  developes  In  tha  aatem- 
elly  connected  load,  the  voltage  drop  across  Nil*  and  N15  Increases  sufficient¬ 
ly  to  turn  Q6  on.  With  05  on,  tha  v.vrrent  drive  supplied  to  series  pass  tran¬ 
sistors  02  through  05  Is  decreased  since  tha  current  for  fcoth  circuits  Is 
a  constant  currant  source  (Qt ) .  With  de  r eased  current  drive,  02  through 
05  are  turned  off  thus  shutting  down  tha  -epuletor  until  tha  short  circuit 
or  over cur  rant  condition  on  tha  output  Is  nreoved. 
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SECT 10*  III 


IKTORTACE 

3.»  ffiy.isuMTjgH 

Figure  J-1  show*  the  pert  I  nent  outline  and  mount  Ing  data  for  mi  of  the 
do*  oner  In  I ncoroorot I ng  tha  Bio*  Modulator  module  in  a  lyitn  layout  Hot# 
that  the  dimension*  and  toloranco*  -effect  the  actual  drawing  data  which  In 
some  ca*a*  differ  f row  or  supplement  the  data  In  the  12  sped f icat i on.  Figure 
3-2  I*  a  photograph  of  the  nodule  and  F|gu»e  3-3  I*  n  part*  location  drawing. 

The  Bia*  Regulator  normally  connec-S  with  a  connector  on  a  mother  board 
or  wiring  home**  through  which  electrical  connections  are  mode  to  the  Be- 
fetor -Power  module  and  to  a  power  supply.  Each  end  of  the  aoduie  must  be 
supported  by  a  suitable  mounting  slide.  For  applications  involving  severe 
shock  or  vibration,  positive  means  should  be  provided  to  retain  the  nodule 
In  normal  operation,  but  the  system  designer  should  consider  prov  ding 
clearance  for  connection  to  It  for  testing  without  need  for  using  an 
extender  for  FI . 

Although  the  Bias  Regulator  module  power  dissipation  is  on  y  .03  watt  / 
Channel  (up  to  1l0  channels),  very  smelt  In  an  overall  system  It  must  be 
taken  Into  account  during  system  design.  Refer  to  Snctlcn  III  of  Chapter  1 
for  a  detailed  discussion  of  the  system  thermal  design  cons i derat i on* . 


-173 


> 


|  *vra  )-J.  Ifa«  ftoywlator  ’Wula  ••rt»  Location  0rowl«* 


I 


-174- 


)>  UCCTRICAL  lNTWACt  DATA 

3.3.1  INPUT  CHARACTERISTICS 

(•)  Vo It eye  9*5  to  *10  volts  4c 

3.3.2  OUTPUT  CHARACTERISTICS 


(o) 

Current 

t  *111 .amperes  per  channel  mealmu*  for  a  noalmun  of 
Il0  channels 

(D) 

Vo It eye 

♦5  *0.2  volts  4c  ot  S23  *2*C 
♦5  *0.5  volts  4c  from  -5 A  to  *71 *C 

(c) 

Lino 

reject  Ion 
(Hln) 

rotlo  of  Input  peek-to-peek  ripple  to  output  peek-to 
peek  ripple  504D  to  50  kH* 

(4) 

Impedance 

0.3  oh*  to  50  kH( 

3.3.3  PROCESS  INC  CHARACTERISTICS 
(•)  Current 

limit:  short  circuit  current  1 1 Imlt  1.5  *0.25  Mptrts 

3.3.0  ANCILLARY  ELECTRICAL  DESIGN  CONSIDERATIONS 

(1)  Sine*  tho  Input  to  th«  Dias  Radiator  A««e«Nly  con  b«  0  nlrpmu*  of 
9.5  volts  4c  on4  o  nealmum  of  10.0  volts  4c.  on4  tho  rpyuleteD 
output  con  Do  o  mealmu*  of  *5.5  volts  4c  ot  1.09  amperes ,  tho  Dios 
Royulotor  A««e«Oly  con  4lsslpoto  oDout  5  wetts  (suDstont lol ly  Dy 
hoot  slnDo4  QA  en4  35,  2N359A;  too  schematic  4roHlny  Elyuro  2-1). 

Tho  Dios  Royulotor  A«to^ly  thoroforo.  shoulO  not  Do  lnstollo4 
o4Jocont  to  hoot  sensitive  piece  ports. 

(2)  The  volteye  Input  9.5  to  10.0  volts  4c)  to  tho  Dios  Royulotor  A*. 
sooNly  »mst  Do  suppllo4  Dy  o  System  unlywo  power  supply. 

(3)  If  space  or  power  are  slynlflcont  systom  4oslyn  constraints,  con- 

si  Deration  should  Do  y! von  to  uslny  t  microcircuit  vel toys  royulotor 
In  lieu  of  the  Dios  Royulotor  A««emNly. 
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section  IV 


Alt CMHf MT /MA  I  NT CfcAHCE 


4.1  myn 

Thlt  •action  provlta*  Information  on  tha  ta«t  ant  adamant  raqul ramantl 
to  ba  con* 1 4a rad  In  tha  uta  and  application  of  tha  Ha*  Aayulato'  Motwla. 
Praaantat  Haraln  ara  tha  tatt  apulpnant  raqul rpnantt ,  ta*t  tat  up,  at  Jtrtt* 
nant  an«  allqnmant  tachnlquat. 

4.2  TEST  EQUIPMENT 

Tha  folloMlnq,  or  aqulvplant,  tatt  apulpnant  It  raqul rad  to  parform  tha 
nacattary  oparatlonal  tatt*,  allynnant*,  ant  atjuttnant*  on  this  motula. 

4,2.1  STAMOAAO  TIST  EQUIPMENT 

Tabla  1,  followlny,  praaant*  a  llttlny  of  ceanorclal  ty  aval  labia  oqulp- 
•ant  t^lch  hat  boon  fount  to  ba  a  ta  putt  a  for  tattlny  of  tha  tlot  bayulator 


TAKE  t 

EQUIPMENT 

MANUFACTURE  A 

M69CL 

Po war  Supply 

Mowlatt  Paebart 

4291 A 

Olyltal  Nultlnatar 

Fluba 

•OOOA 

4.2.2  SPECIAL  TEST  EQUIPMENT 

Comvanlpnt  naan*  of  I n *ar contact  I ny  tha  varlaut  apulpmpnt  ut  at  In  taat- 
Inp  tha  bla*  Aayulator  Motwla  nay  ba  achlavot  by  fabrlcatlny  a  Tatt  Sat.  Such 
a  ta«t  *at  nay  ba  fabrlcatat  from  tha  Infarmatlon  In  flyura  4*1 


4.)  SPECIAL,  TOOLS 

No  •paclal  tool*  ara  rapul  rat  to  tatt  tha  Hat  Aoyulator. 


*»-i  i«  •  41  ap rm  mf  tha  typical  intarcannactlana  wta4  In  a  tatt 


*>.$.<.2.1  Connect  th#  clip  leetf  on  IMt  Mt  *o  the  hifh  pltfo  of  replPtor 
*23  on  th#  *otful#. 

*>.$.1.2.2  AOJwpt  th#  t#Pt  tot  $  VOLT  THIM  potent io*et#r  for  $.0  *0.2  VPc  #t 
t#Pt  point 

*>.$.1.2.3  Tyrn  off  toPt  POt  *10  VK  P0W»  twitch,  Dl* connect  th#  clip  loo4 
fro*  uoXul#  roplptor,  023.  *#OPure  th#  reeiptanc#  fro*  t#pt  point  3  to  t#Pt 
point  4  to  Pot#r*ln#  th#  correct  veto#  for  circuit  rowponont  *24. 

*>.$ .  1 .2 .*>  OoPiPtor  *24  Pholl  P#  Inet#1le4  Py  wlrlnf  and  #pp##Ptly  p#rponn#1 
•t  thip  tl«#. 


*>.$.1.2.$  Pith  *24  I r*Pt#l  led  In  th#  «odul#,  r#conn#ct  th#  *odul#  to  th#  t#Pt 
POt. 

*>.$.1.2.4  Turn  on  toPt  pot  «10  VK  *0X10  pwltch.  ftpoPur#  th#  volt  op#  #t  t#Pt 
point  1. 


Th#  volt#«#  Phpll  p#  $.0  *0.2  V0c 


•>.$.1.3 


h##pyr#M#nt  th#  current  P#lnp  fro*  th#  poHpr 

Th#  current  pholl  Po  13.0  *4.0*0 


pupply  Py  th#  Ole#  *#ful#tor. 


4.$.  1.4 
4. $.1.4.1 


Connect  th#  dlpit#!  «*tt#r  to  t#Pt  point  I  to 


ir#  Ol  •«  *o#u1#tor 


output  voit#«#. 

Th#  volt#f#  Pholl  P#  5.0  *0.2  VXc. 

4. $.1.4. 2  Turn  on  th#  t#Pt  pot  OUTPUT  L000  Pwltch.  OPp #rv#  output  volte*# 


reedlnf . 

Th#  volt#?#  Ph#l1  not  chanp#  «*jr#  th#n  50  nlll  I  volt*  fro*"  th#t  recorded 


In  p#rp«'#eh  4.5.1  t 


4.5.I.4.)  *lth  the  test  Mt  OUTPUT  l GAO  twitch  m.  Inc root a  the  Input  vclt- 
eyo  to  the  w»Oule  hy  1.0  VtC . 

Tho  output  velteye  chenyo  tholl  ho  lett  then  20  •! 1 1 1 voltt  f raw  tho 
rood  Inf  In  porefrpph  4.S.I.4.2. 

Turn  off  tho  OufhUT  LOAt  twitch. 

4.5.I.5.I  IneM'o  that  tho  OUTPUT  L0A0  twitch  It  off  and  that  Input  velteye  It 
10.0  l.l  Vdc. 

*•.5.1.5. 2  Connect  an  atttotar  to  mature  Input  current.Momnterl  ly  doprott 


SMOAT  CIRCUIT  twitch  and  note  currant  Indication  on  tho  awnot or. 

Shoot  circuit  currant  tholl  ho  1.5  *0.25  aept. 

*».5.2  NICMANICAL  ALlMNfNT 

ho  m chant  cel  allynmnt  It  repaired  for  tho  Olat  hofulator  Module. 


4.5.3  AOJUSThOtT  IN  ThC  SYSTW 

ho  adjuitwont  of  the  Olat  'eyuietor  It 


»**nn  Inotallatlon.  laeopt 


for  trio  rot  It  tor  A2*»,  idtlch  It  taloctod  at  teat,  oil 
value  and  dot a ml nod  at  dealyn. 


The  Hat  hofulator  Module  repaired  no  t pedal  oalntananca  attention 


hoyond  tho  routine  procedural  followed  for  yonorot  electronic  epwlpwont 


Mo  tlm  chenyo  e 


tt  ore  contained  In  thla 
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SCCTION  I 


lul*. 


Th«  technical  specifications  of  the  DC/AC  inverter  As Sew* |y  (r«  «* 


M 


Input 


Vo I  tape 
Currpnt 


Output 

Voltaqe  (Tp  Nebular  Coo  Ur  Motor) 


Voltaqe  (To  Systo*  Cooling 
Fan  Motor  | f  repel rad) 

Fowar  (To  Nodular  Coolar) 

Turn -on  Tlaa  Belay 

Ova r load  Shut-down  Tima  Dalay 


^PT*iii  f  j  fill  I  nr 


lk*t,  volts  dc 

2  010  k  mparas 
55  watts  oaaiaw* 


115*19  volts  ac,  MX)  Mi, 

2  phase  squore  wave . 
(capacitor  shifted  2nd  phase* 

2h  volts  pp  (12  Vrsts)  MX)  Hi 
square  wava  (0  to  24  Vpp) 

M*  watts  wpdlwun 

5*0.2  soconds 

11*3  seconds 


NOTE 

Far  mechanical  specifications  Involved 
with  Interface  repul  regents  such  as  xe- 
chanlcal  conf I fu rat  I  an ,  Interconnect  I  on 
and  Mount  Inq  Inf  onset  Ion,  refer  to  sec¬ 
tion  III  I 


SECTION  II 


FUNCTIONAL  DESCRIPTION 

2.1  GENERAL 

The  OC/AC  Inverter  assembly  converts  2k  volts  dc  Into  on  overlook  pro¬ 
tectee  115  Tec ,  M)0  Hi,  2-phe*a  power  for  the  universal  drive  Motor  In  the 
eater no 1 ly  connected  Nodular  Cooler  assembly.  Nhen  interfaced  together,  the 
OC/AC  Inverter  end  Nodular  Cooie*  essembiles  for*  tHe  Cooler/Inverter  cemmon 
•nodule  which  Is  designed  to  provide  the  cooling  necessary  to  Maintain  the  de¬ 
tector  array  of  the  Detector ./OeMer  eammon  Module  at  a  temperature  of  etr»*o*i- 
oately  77*  Kelvin. 

The  OC/AC  Inveiter  Is  camprised  of  two  Interconnected  printed  wlri’*g 
hoards  (A1  and  A2)  and  a  heat  sink  assembly  (A3)  housed  In  a  metal  ben 
for  shielding  The  square  wave  generator  beard  (Al)  provides  the  signal 
feneration,  shaping  and  ampl If icat ion  of  the  N00  IN  square  wave  used  to 
drive  the  Inverter  transistors  and  also  contains  the  current  overload  pro¬ 
tection  circuit.  The  2b  vol i  power  board  A2  and  heat  sink  assembly  A3 
provide  the  power  drive  Inverter  output  circuits  and  the  starting  ca¬ 
pacitor  switch  circuit.  The  output  power  Inverter  transistors  and  phase 
control  capacitors  are  mounted  on  the  heat  sink  esavmbty  A3  and  the  re¬ 
maining  circuitry  on  A2. 

1.2  .THLWT  Of  BflMtlfr 

2.2.1  SQUARE  WAVE  GENERATOR  CIRCUITS  (Flfure  2-1  ) 

2. 2. 1.1  Reverse  Polar  I  tv  Protect lo^ 

The  2b  volt  dc  power  entering  the  DC/AC  Inverter  assembly  is  appl led  to 
the  Internal  circuits  through  diode  CR1  mounted  on  the  assembly  baseplate 
Oiode  CR1  prote-?«  the  circuits  1 'em  an  accidental  reverse  polarity  npot 
The  Input  power  through  CR1  1s  applied  to  the  square  wave  generator  r  1 rq* 
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bo*  d  Al  and  *1*0  fed  directly  through  A|  to  the  2k  volt 
through  connector  pins  M -J  end  A. 


r  board  A2 


Tho  2k  volts  dc  input  power  it  applied  to  an  AC  network  comprised  of  ca- 
pacltor  Cl,  resistor  At  and  potent i ana ter  W  Potent  one ter  U  provide*  fre¬ 
quency  control  and  >t  adjusted  to  cause  the  oscillator  unijunction  transistor 
01  to  oscillate  at  a  frequency  of  1600  Hz.  The  output  of  Ql  is  applied  across 
voltage  divider  resistors  A**  and  AS.  The  positive  pulse  at  the  junction  of 
Rk  and  AS  it  applied  to  the  clock  input  (pin  l)  of  dual  J-*  naster  sieve  flip- 
flop  Zl .  Aetistor  Atk  and  zener  diode  CAl  provide  the  ♦S  volts  for  Zl .  The 
two  cascaded  flip-flops  within  Zl  divide  the  1600  Hz  signal  by  four  to  pro¬ 
duce  a  kOO  Hz  square  wave  at  the  second  flip-flop  outputs  (Q  at  Zl-9  and 
Q  at  Zl -A) .  The  outputs  of  Zl  are  l§0*  out  of  phase  and  are  applied  to 
the  bases  of  push-pull  emitter  follower  buffer  transistors  02  and  OS. 

The  outputs  of  02  and  QS  arc  applied  to  the  two  stage  push-pull  driver 
amplifier  transistors  03.  0b  and  06,  07.  The  collectors  of  the  final  stage, 

0k  and  07,  drive  the  primary  winding  of  driver  transformer  Tl  .  lias  is  pro¬ 
vided  by  applying  the  2k  volts  dc  input  power  to  the  canter  tap  of  Tl  (pin  2) 
through  the  deenergised  contacts  of  relay  M . 

The  square  wave  voltage  is  developed  In  Tl  as  follows:  On  the  first 
one-half  cycle,  transistors  02,  03  and  Qk  are  turned  on  by  Zl-pin  9.  Tran¬ 
sistors  QS,  06  and  07  are  off.  Current  flows  through  Tl  pin  I  to  pin  2  and 
is  returned  through  the  2k  volts  dc,  developing  magnetic  flux  In  on*  olrewt- 
lon  In  Tt.  On  the  next  one-half  cycle  02  03  and  0k  era  turned  off  and  05. 

06,  07  are  turned  on.  Current  new  flaws  througn  Tt  from  Tl -3  to  Tl -2  devel¬ 
oping  magnet  I c  flux  In  the  opposite  direction.  This  action  deva lopes  a 
quare  wave  flux  in  the  windings  of  Tt .  The  resultant  square  wav*  voltaga 
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lev* loped  In  the  secondary  of  T1  is  applied  to  the  paw*.  Inverter  circuit 
on  the  2<*  Vec  power  board  through  connector  pint  FI-1,  9  end  10.  The  power 
Inverter  circuit  will  be  described  In  «  Is  ter  paragraph. 

2.2.i.)  tyrftiU  frtrLatf  Uimil 

Transformer  T2  and  resistor  Afe  on  th*  2<*  volt  power  board  A2  (Figure  2-2) 
act  as  the  overload  tensor  for  the  overload  protection  circuit.  The  current 
through  T2  develop#*  an  ac  voltage  across  A6  which  It  fed  to  the  overload  pro¬ 
tection  circuit  on  the  square  wav*  generator  circuit  board  Al  through  connector 
pin  Jl-I. 

The  overcurrent  sense  voltage  entering  the  circuit  through  connector 
pin  fl-8  or  Al  (Figure  2-1)  is  half-wave  rectified  by  diode  CA2 .  The  rect¬ 
ified  dc  voltage  staristo  charge  capacitor  Cb.  Under  normal  operating  con¬ 
ditions,  the  voltage  level  fro*  C82  It  not  high  enough  to  charge  Cb  to  a 
level  that  will  turn  transistor  QB  on.  With  QB  off,  transistor  QJ  It  on, 
and  QIO  and  Oil  are  cff.  However,  If  an  overcurrent  conditio*,  develop#*,  the 
overcurrent  sans*  voltage  will  Increase  and  Cb  will  charge  to  the  level  re¬ 
quired  to  turn  Ql  on.  With  Q8  on,  transistors  Q3  starts  to  turn  off  and 
capacitor  CS  starts  to  charge.  If  the  overcurrent  condition  falls  to  con¬ 
tinue,  the  positive  level  Is  removed  from  Q8,  turning  Q|  off  and  Q9  on, 
discharging  CS  and  keeping  QIO  and  Ql I  of ' .  The  time  constants  of  the 
circuit  are  such  that  the  overcurrent  condition  oust  *«lst  far  from  I  to 
lb  seconds  before  CS  con  charge  to  a  level  that  will  turn  QIO  on.  When 
the  overcurrent  condition  Is  sustained  for  from  I  to  lb  seconds,  CS  charges 
up  until  the  base  of  QIO  becomes  forward  biased  turning  QIO  on.  When  QIO 
turns  on,  thyristor  Ql I  turns  on  energising  relay  Kl  and  removing  the  2b  volts 
dc  from  the  Inverter  driver  circuits  thereby  shutting  daw*  the  Inverter.  In 
addition,#  fall  Indicate  signal  Is  mad*  available  at  terminal  Al-C)  that 
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may  be  used  for  a  ram ote  fail  Indicator  llfht  or  to  shut  down  other  modules 
of  the  lyttaa.  One a  activated  tha  shut  down  condition  will  be  maintained 
until  tha  Input  paw ar  It  cycled  off  and  on  . 

2.2.2  24  VOLT  POUCH  ftOAAO  CIRCUITS  (FICUftC  2*2) 

Mil 

Tha  circuit  descriptions  provided  In  this  para¬ 
graph  Includa  components  mounted  on  haat  *  Ink 
assembly  A)  as  wall  as  theta  mounted  on  tha  24 
volt  powar  board  A2 


Tha  square  wava  drlva  signals  racalvad  from  tha  drlvar  circuit  on  tha 
squara  wava  9anaratar  circuit  board  A1  through  connect©.  pint  J1-9  and  10 
are  appliad  to  tha  basas  of  push-pull  power  Inverter  transistors  Ql  and  02 
nountad  on  heat  sink  assembly  A).  Tha  return  on  JI-1  Is  connected  to  tha 
common  emitters  of  01  and  02  and  tha  canter  tap  of  Inverter  power  transformer 

Tl .  Tha  output  drlva  signals  on  tha  collectors  of  Ql  and  02  are  applied 

across  tha  primary  of  Tl .  Olodas  CRl  ,  CR2  and  CR)  across  tha  primary  of  Tl 

act  to  limit  tha  voltage  excursions  and  switching  spikes  on  the  signal. 

Capacitors  C2  through  C5  provide  additional  filtering. 

Rower  transformer  Tl  acts  in  tha  same  manner  as  transformer  T|  on  cir¬ 
cuit  board  At  previously  described.  When  Ql  Is  conducting  and  02  Is  off, 
magnetic  flux  Is  ^uvalopad  in  tha  top  half  of  tha  Tl  primary  winding  In  one 
direction.  On  the  Other  one-half  cycle  whan  02  Is  conducting  and  Ql  Is  off, 
tha  magnetic  flux  is  developed  in  tha  lower  half  of  tha  Tl  primary  winding 
In  tha  opposite  direction.  The  nominal  IIS  Vac,  400  H;  square  wava  output 
voltage  developed  in  tha  secondary  winding  by  tha  magnetic  flux  Is  sent  to 
pins  A  and  I  of  tha  cooler  connector  Jl .  Capacitors  A)  Cl  and  A)  C2  act  as 
tha  phase  shift  capacitors  to  provide  tha  second  phase  at  cooler  connector  pin 
JI-*.  Capacitor  A)  Cl  is  added  In  parallel  with  AJ  C2  as  a  starting  capacitor  at 
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initial  turn-on  end  t hon  disconnected  after  approximately  $  seconds  toy  the 
starting  capacitor  switch  circuit  as  described  in  the  following  paragraph. 


Whan  the  24  volt  4c  power  to  the  DC /’AC  Invartar  Is  initially  turned  on, 
initial  circuit  condition!  ara  as  follows  transistor  Ql  end  thyristor  Q| 
ara  off  end  transistor  Q3  is  on.  With  03  on,  starting  cepecl tor  switching 
ralay  Kl  is  energised  connocting  starting  capacitor  AJCI  in  parailal  with 
phasa  shift  capacitor  A)C2  through  tha  energised  contacts  of  Kl .  Slnul t • 
anaously,  at  turn  on  tha  2k  volts  4c  is  applied  to  tha  W  timing  natwork  foraad 
toy  raslstor  *1  and  capacitor  AJCI .  Tha  AC  t ina  constant  is  such  that,  aftar 
approxi mats ly  5  saconds,  capaci tor  AJCI  is  chargad  to  tha  dc  lava)  required 
to  forward  b>es  Ql  With  forward  toias,  0l  turns  on  anatoling  tha  gato  of  thy¬ 
ristor  02,  turning  02  on.  With  02  on,  tha  basa  of  03  is  ravarga  toiaaad  turn¬ 
ing  03  off  and  deenergising  ralay  Kl  and  dlsconnactlng  starting  capacitor 
A3C1  from  tha  phasa  shift  circuit.  Thus,  for  Initial  starting,  A3C1  and 
A3C2  ara  connactad  in  parallel  providing  a  phasa  shift  capacitance  of  k  uf. 
After  appro* mete  iy  5  saconds  relay  Kl  Is  deenergised  disconnecting  A3CI  and 
leaving  A)C2  to  provide  a  running  phase  shift  capacitance  of  2  uf 

A  O(xaro)  to  24  volt  paak-to-paak  square  wave  (12  Vnas)  voltage  is  avail- 
stole  at  the  cooler  fan  connector  PJ  to  supply  powar  for  the  motor  of  a  System 
cooling  fan  if  one  >s  required  toy  the  system  design. 


SECTION  III 


INTERFACE 

3.1  CONFIGURATION 

Outline  drawing.  Figure  3-1  shows  the  aertlnent  outline  end  Mounting 
date  for  use  of  the  designer  In  Incorporating  the  OC/AC  Inverter  Module*  In 
e  sytteM  layout  Note  thet  the  dlaenslont  end  tolerence*  reflect  the  actual 
drawing  date  which  In  tOMa  cate*  differ  froM  or  supplement  the  date  In  the  12 
specif Icet Ion.  Figure  3*2  Is  the  OC/AC  Inverter  assembly  drawing. 


The  OC/AC  Inverter  It  Mounted  on  e  flet  using  four  #6-32  screws  The 
screws  shell  he  of  such  length  at  to  extend  Into  the  OC/AC  Inverter  no  More 
then  .210  Inch  beyond  the  bate  Mounting  surface  It  cen  be  ope re ted  In  eny 
attitude  Electrical  connections  ere  wade  through  three  cablet  which  ere 
supplied  twelve  Inches  long  The  cut  lengths  of  the  three  cablet  and  the 
connectors  for  Input  and  2A  volts  output  ere  to  be  deterwlned  by  the  pert  1  - 
color  tytteo  designer.  The  connector  for  the  output  to  the  cooler  ootor  oust 
be  F/N  SH-C-773505-2  to  Mate  with  the  connector  an  the  aotor.  This  connector 
I*  very  fragile,  to  cere  oust  be  exercised  In  engaging  It  end  In  tightening 
the  screw  which  holds  It  to  the  notor  ettoMbly.  Alto  this  Motor  cable  should 
be  clamped  et  tome  point  neer  the  Motor  to  prevent  stressing  the  connector 
end  the  wire  leads  to  It  by  handling  or  vibration, 

The  OC/AC  Inverter  It  one  of  the  Main  heat  dissipating  Modules,  so  Mount  - 
Ing  of  It  must  take  Into  consideration  the  hees  trontfer  requirements  dis¬ 
cussed  In  the  section  on  thermal  design. 

The  Inverter  hat  built-in  overload  protection  «dtlch  shuts  It  dot*  If  pn 
excessive  current  It  dawn  by  the  Motor.  There  It  no  built -In  protection  for 
Internol  faults  In  the  Inverter  Itself,  so  the  system  designer  may  wish  to  pro¬ 
vide  *n  external  circuit  breaker  on  the  Input  power  lines. 


3  3  m»KA,  Dlilgh  C&W$i&£MT  1  OHS 

Th«  OC/AC  Inverter  dissipates  Appro* i «ate iy  1!  watts  and  is  second 
only  to  tha  Modular  Coolar  in  power  dissipation  In  a  cantaor  moula  syste« 
This  significant  thermal  pawa-  dissipation  oust  ha  taken  into  account  whar 
das i going  a  comaon  Module  Infrprad  System  Aef «r  to  Section  II!  of  Chapta 


1  for  a  detailed  discussion  of  tha  system  tha  ratal  design  cons  idarat  ions 


3.4.1  INPUT  CHARACTERISTICS 


(•)  Voltage 
(fc  Current 

(e)  Power 

(d)  Turn-on  Tim  Delay 
3.4.2  OUTPUT  CHARACTERISTICS 

(e)  To  Hodular  Cooler 

Volt »*€ 

Power 

Overload  Shut-dowr 
T i mm  Delay 


2W<*  volte  dc 
2. 0*0. 4  awperas 
$5  watte  Maaiwun 
5*0.2  eecc.-tde 

115*19  volte  k,  400  Hi 

2 -pfceee  equere  wave. 

cape ct or  *hi f ted  2rH  phaee) 

44  watte  avexianan 
11*3  eeconde 


(d)  Syete*  Cooling  Fan 
Voltage 


24  volte  pp  (12  Vruw)  , 
400  Hz  equare  wave 
(0  to  24  Vpp) 


3  M  3  ANCILLARY  ELECTRICAL  OESIbN  C0hSI9€MTI04 


(1)  Since  the  Input  power  i#«dt  tr  the  Cooler  coming  f  -on  the  Fi»*e 

Hoard  terminal*  El,  £2  end  E}  tec  schematic  i>  agrer  f  90  re  2-2) 
deliver  115  volt  *00  Herti  voltage  (approximate ty  45  wetts  thete 
lead*  should  not  be  routed  adjacent  to  or  bundled  togethe  wth 
other  leads  Doing  to  *ay  Induce  unwanted  ti ana  It  in  the  other 
leads  For  a  like  reason  leads  f  ram  t eraina;  E4  and  E5  46  vo't 

square  wave)  should  be  kept  apart  from  other  eedt 

(2)  Since  the  Inverter  dissipate*  approx  1  mate ly  I'  watts  approx>mal« 
55  watts  Input  44  watts  output)  It  should  not  be  oceted  near  or 
adjacent  to  heat  sensitive  p  ut  parts  or  assemfc  e» 

(J)  Since  terminal  El  EJ  EJ  carry  a  potential  of  115  volts  and  are 
potentially  dangerous  to  personne'  these  terminals  should  be  pro¬ 
tected  by  barriers  or  guards  such  that  accidental  contact  cannot 
be  «ada  with  these  terminals  The  berr  «r  or  qua  ds  should  be 
marked  ’1 15  volts 

(4)  With  the  maximum  input  of  28  volts  d«.  resistor  Al*.  i  000  ohms  -5 
percent  0.5  watt  (see  schematic  diagram  Figure  2-2).  will  operate 
extemely  hot  since  it  can  be  dissipating  anywhere  from  0,499  watts 
to  0.552  watts  (overs tressed) 
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SECTION  IV 


AL26NNEMT  'AAIhTEHANCE 

“.I  aEhfcMi. 

Th  s  sect  on  p*-ov.  las  nformation  on  tha  f«t  *nd  <1 1  gnwant  raqui  r wonts 
to  ba  oM  NrM  in  the  .*•  and  appl  .at ion  of  tho  DC/AC  Invartar  Aodula,  a 
omponant  of  tha  Coolar/Invartar  Hodula.  Prasantad  haram  ara  tha  tast  aquip- 
-«nt  raaj*  ramant* ,  tast  sat  op,  adust  nan  t  and  al  «want  tachniquas. 

*♦,2  TEST  rUliPWEMT 

Th*  following,  or  aqu>valant.  tast  aquipmant  Is  raqui  rad  to  parfo rm 
tha  nacassary  oparat  onal  Casts,  al  gnnants,  and  ad  just marls  on  tha  K/AC 
Invartar  Hoduia, 

*..2.1  STAWiANO  TEST  EQUIPMENT 

Tabia  4-1,  fol <owing,  prasants  a  listing  of  cownarciai ly  aval  I  ad  la  aqulp- 
nant  which  has  barn  found  to  ba  adaquata  for  tasting  of  this  aodula. 


Sau.a»nar*t 

Tab  la  A-1 

•*br.ut  acturor 

Andai 

Powar  Supply 

Pawar  Oasign 

5A50S 

Oscl lloscopa 

Taktronlcs 

326 

01 g  tai  Ault  matar 

Fluka 

8000A 

Stop  *atch 

Edmund  Sel anti  fie 

30J  71 

A. 2. 2  SPECI.A*.  TEST 

EQUIPHENT 

won  van  ant  naarfs  of  I  ntarconnact  *  ng  tha  various  aquiomtnt  js  J  in  tast- 
ig  tha  Ot, Al  Invartar  Aoduia  nay  ba  achlavad  by  fabricating  a  tast  sat.  Such 
a  tast  sat  nay  ba  fabr  cat  ad  from  tha  Information  In  Eigura  A- 1 
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8*9  <  TttT 


4.3  SPjCIfr  Tgti 

No  ipteiil  tool*  are  required  to  test  this  aodula, 


4.4  tut  i£L.^ 

f I qure 4«j  It  e  diagram  of  the  typical  interconnections  used  in  e  test 
•Ot  up. 


Operational  status  of  the  DC/AC  Inverter  Module  may  he  determined  hy 
the  following  tests. 

4.5.1  ELECTRICAL  TESTS  ANO  ADJUSTMENTS 


Perform  each  test  of  the  fol laming  paragraphs  In  the  order  presented. 
Verify  e  proper  response  or  indication  before  proceeding  to  subsequent  actions. 


4. 5. 1.1 


•♦.5. 1.1. 2  Apply  110  volts,  400  Hi  between  terminals  N  end  0  (N  is  neutral) 

4. 5. 1.1. 3  With  the  0VERL0A0  switch  OFF,  the  AC  voltage  across  R1  shall  be 
4.0  ^0.5  Vac. 

4. 5. 1.1. 4  Set  OVERLOAD  switch  to  ON;  the  AC  voltage  across  R1  shall  be  7.5 
20.2  VAC.  (Adjust  R3  as  necessary  to  echlave  the  proper  voltage). 


4. 5. 1.2 

4. 5. 1.2.1 

4.5.1 .2.2 
4.5.1  .2.3 


Connect  the  OC/AC  Inverter  to  the  test  set  as  shown  In  figure  4-2. 
Interconnect  the  test  set  and  test  equipment  as  shown  in  Flgura  4-2. 
Verify  that  ell  the  ebova  connections  ere  properly  made. 


NOTE. 

If  a  battery  operated  oscilloscope  is  net 
used,  oscilloscope  ground  must  be  isolated. 
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I 

>  • 

*•.5.1 .1.4*  Turn  on  the  power  supply  end  edjust  the  output  to  2**  *1  VOC  ,  Sot 

the  pCMor  supply  current  Holt  for  5  imps 

*• .  5 . 1 .2 .5  lot  the  oscilloscope  controls  es  follows: 

Chennel  A  20  volts/di  vis  I  on 

Chen no  I  I  20  volts/division 

Tlne/Dl v  0.5  nllllseconds 

<*.$.1.2.6  Set  the  1 9I t«l  nultlneter  to  ACV,  20  volt  renge. 

6. 5.1. 1  Stert  Uo  T.ne 

Set  the  test  set  F<AfEA  switch  to  ON  end  sinul tenoows ly  stert  the  stop 
wetch.  Note  the  tine  required  for  the  Input  current  to  drop  below  )  enps , 
The  eiepsed  t'ne  shell  be  5.0  *2.0  seconds. 

<*.s.i.<*  Qutgyk  *avtfgni 

The  0C/AC  Inverter  output  weveforn  shell  be  es  shown  in  FI  jure  4-J 
<*.5.1.5  fen  faor 

Depress  the  test  set  FAN  WVEA  switch  nonenterlly. 

The  test  set  FAN  PAtfCft  TEST  light  shell  lllixinete. 

6. 5.1.6. 1  let  the  test  set  GtCAlOAD  switch  ON  end  sinuleteneour ly  stert  the 
stop  wetch  Note  the  tine  required  for  the  output  signets  displayed  on  the 
oscilloscope  to  drop  to  zero. 

The  eiepsed  tine  shell  be  11  *3.0  seconds. 

The  SITE  light  shell  eiininete  wher  the  signets  drop  to  zero 
<». 5. 1.6. 2  Note  the  reeding  on  the  digitel  neter. 

The  voltege  shell  be  10.0  *0.5  VAC. 

A.S.1.6.)  Set  the  0VEA10A#  switch  to  OFF. 

The  IITE  light  shell  reneln  elinineted. 
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4.5.1 .4.4  *0t  the  test  lit  KNtM.  twitch  Off  wttnUr I  ly  end  then  return  to 

•N. 


The  BITC  1 1 qht  shell  extinguish  end  noneel  ape  ret  I  on  shell  be  restored. 

No  ee  chon  I  cel  ollqnaent  Is  required  for  the  DC/AC  Inverter. 

When  I  ns  tel  led  In  e  sytten,  the  »C/AC .  Inverter  Is  seeled  end  no  edjust* 
wonts  ere  required. 


4.4  *»CCIAt  NAlNTlNhWCC 

The  OC/AC  Inverter  eedule  requires  no  speclel  ee  Intervene*  et tent  I  or  be¬ 
yond  the  routine  procedures  followed  for  9onerel  e'ectrlc  equ I patent .  No  t law 
chenqe  components  ere  centelnod  In  this  aodule. 
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CHARTER  7 
HOMIAft  COOUft 
USACCQM  SM-0-773M) 

PART  Of 


COOUR/lWVCRTER.  INFRARED  HOOUIE 


SECTION  I 


v jMftt 

1.1  INTMOOUCTIQM 

1.1.1  COOUN/ItWCNTCN,  INF  MANED 

The  Cooler/Inverter ,  Infrared  cow on  nodule  l«  comprised  of  two 
separately  functioning  asseatlles.  the  Nodular  Cooler  Assembly  and  the 
D C/AC  Inverter  Assenbly.  This  section  of  tha  Manual  describes  tha  function- 
1 09  and  provides  design  Information  on  the  Nodular  Coo  la r.  The  DC/AC  In¬ 
verter  Is  described  In  Chapter  w  of  tha  Manual. 

1.1.2  NOOULAA  CnOLfA 

Tha  Nodular  Cooler  Assembly  Is  a  Stirling  cycle  cryogenic  refriger¬ 
ator  capable  of  maintaining  a  teaiperature  of  appror  oatoly  77*Mlvln  at  the 
cold  finger  with  a  heat  load  of  1,0  watt.  Tha  nodular  cooler  provides  tha 
cooling  necessary  for  proper  operation  of  an  externally  connected  Infrared 
detector  array.  Tha  detector  array  Is  contained  In  a  cownori  or  special 
Pa  tec tor /Dewar  nodule  which  Is  Mechanically  Interfaced  with  the  cold  finger 
of  the  nodular  cooler. 

1.2  INTENDED  USE  Of  I  UN 

Tha  Nodular  Cooler  has  been  designed  to  be  Interfaced  with  other  Major 
connon  end  special  nodules  to  fore  an  Integrated  Forward  Looking  Infrared 
(FLIN)  or  Thermal  Inaging  System.  The  Nodular  Cotier  has  been  specifically 
designed  to  be  Mechanically  and  thermally  Interfaced  with  a  detect  or/ dewar 
nodule  to  provide  the  cooling  regul red  to  nelnteln  the  Infrared  detector  array 
at  approximately  77*  Nalvln. 

The  nodular  Cooler  is  designed  pr Inert ly  to  be  Integrated  Into  a  system  as 
part  of  the  Cooler/  Inverter  connon  nodule  with  the  Nodular  Cooler  supplying 


the  required  cool  Ing  for  e  detect*. 


•  rray  end  the  OC/AC  Inverter  supplying 


11$  Vac.  400  Hi  power  for  the  cooler  aotor  However,  the  Modular  Cooler  my 
•l*o  be  designed  Into  a  iysteo  a*  a  separate  aooule  without  ihe  OC/AC  In¬ 
verter  If  icm  other  suitable  11$  Vac,  400  Hi  power  source  Is  available  to 
drive  the  cooler  eotor. 

I  J  TCCHWICAi  ytCIFICATIOMS 

The  technical  specifications  for  the  Modular  Cooler  are  as  follows 
fitt— g  Sppc '  f !  cation 

Cool  down  Tim  (400  joule  therm  I  mat  10  olnutes  mxiaue  to  100*  Kelvin 
plus  heat  Input  ranging  f row  zero  wfr*n  1$  olnutes  maim*  to  77*  Kelvin 
starting  to  0.4  uet t  at  cold  finger 
tenperature  of  77*  K  ) 

Input 

Voltage  11$  -  19  Vac,  400  Hz,  2  phase 

Power  44  watts  (nonlnal) 

Cooling  Capacity  (watts)  I  watt  from  -40*  to  e2J*C 

•06 lent  dripping  llnearplly  fr on 
I  watt  at  2J*C  to  0  4  watt  at 
»0*C 

MOTC 

for  technical  specifications  Involved  with 
Interface  regulreoents  such  as  nechenlcel 
conf igurat Ion,  Interconnection  and  counting 
Inform!  Ion,  ref  er  to  Section  III. 
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2.«  OfttOAl 

The  nodular  Cooler  ettaekly  It  •  St  I  r  1 1  ng-cyc  l«  cryogenic  refrigerator 
driven  by  on  AC  drive  Motor.  11$  Vac,  400  Hz.  2-ph«u  pever  for  the  drive 
Motor  it  usually  supplied  by  the  DC /AC  Inverter  ettOMbly.  The  Motor  Mty  elto 
M  driven  froo  eny  other  twlteble  11$  Vec.  kOO  Kr  peer  source. 

Referring  to  Figure  2-1,  Major  coMponentt  of  the  Modular  Cooler  ere 
the  drlv*  Motor ,  the  cOMprettlon  cylinder  end  pi t  ton ,  the  regonerator  end 
the  cold  finger.  The  working  fluid  In  the  cooler  tytten  It  helliee  got.  The 
comp  re  tt  Ion  pltior  end  regene-etor  ere  driven  by  e  coeeeori  drive  Motor  linked 
Mechanical ly  through  the  drive  rodt  attached  to  the  crank  theft  epproKlawte I y 
90*  out  of  phete. 

Threaded  notnting  ho  let  ere  provided  In  the  cyllnde'  heed  at  Mali  at  Ir 
the  bate.  To  aielnteln  tne  tpecifled  operating  toMperature  or  77*  K  (Kelvin) 
et  the  cold  finger.  It  It  ettentiel  that  the  cylinder  head  be  attached  to  a 
suitable  heat  fink  tuch  at  e  cold  plate  heat  exchanger.  For  de'.ellt  on  the 
theme  I  Interface  regul  ranentt .  refer  to  Section  1 1 1  of  Chapter  I. 

2.2  TIC  OAT  Of  OHM  TIP*  (Figure  2-1) 

The  Modular  Cooler  utet  helliae  gat  at  the  working  fluid.  The  get  It  al¬ 
ternately  coMpretted  and  allowed  to  expand.  The  COMprettlon  platen  and  re¬ 
generator  ere  driven  by  a  com on  drive  Motor  through  a  crank  nechanlta  with 
the  regenerator  notion  lagging  the  piston  notion  by  approx  I  Me  te I y  JO*  of  crank¬ 
shaft  rotation.  Infernally,  the  reeeneretor  contains  a  Matrix  or  porous  nett  of 
fine  wire  having  a  large  heat  transfer  capacity  to  the  hellun  gat.  The  gat  can 
flew  freely  back  and  forth  between  the  conprestlon  c hanker  above  the  conprettlen 
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CMANMR 


COLO  RLATE 
MEAT  EXCHANGE* 


Figure  2-|.  Cooler  nodul*  NachanlcAl  Olsgram 


p  1 » ton  and  the  expantion  chamber  at  tha  an*  of  tha  cold  fln9#r  by  flowing 
through  the  regenerator  matrix  and  connacting  ctannali  in  tha  comprattion 
cylinder  wall*. 

Tha  cooler  tyttem  operatet  In  tha  following  wanner.  A*  tha  comprattion 
pitton  camp  rat tat  tha  helium  gat,  tha  gat  givat  off  heat  which  it  dre wr  off 
by  tha  cold  plate  heat  exchanger  (heat  tin'*)  and  tha  fine  on  tha  cylinder 
walls.  The  comprattion  of  tha  gat  by  the  camprestion  pit  tor  for  cat  tha  gat 
through  tha  connecting  l henna  it  Into  tha  regenerator  Matrix.  A*  tha  gat  flow* 
through  'he  regenerator  matr  x  toward!  tha  ax pan* I  or  chamber  at  the  and  of  tha 
cold  finger  additional  heat  it  drawn  from  the  gat  by  tha  matrix.  Therefore, 
tha  gat  it  colder  whan  it  reachet  tha  expant (on  chamber  than  it  wat  entering 
tha  regenerator. 

When  the  pretture  in  tha  comprettfon  chamber  ttartt  dacreating  at  tha 
comp  ret t ion  pitton  move*  back,  tha  cooled  gat  in  the  expantion  chamber  ttartt 
expanding.  Thlt  ceutet  further  cooling  of  the  gat  trfiich  the--  flow*  back 
through  the  regenerator  toward!  tha  comprattion  chamber.  Tne  gat  now  cools 
the  matrix  at  It  flows  through  the  regenerator  and  through  tha  connecting 
chennelt  into  tha  comprattion  chamber.  With  each  succeeding  compress! or  and 
expantion  cycle,  tha  temperature  of  the  gat  in  the  expantion  chamber  of  the 
cold  finger  it  reduced  until  the  grott  cooling  equalt  the  iotset  *  77**). 

Tne  cool  down  time  to  reach  77**  it  frer  12  to  1$  minutes  under  normal  ext¬ 
ent  condition!.  Once  down  to  the  liable  operating  temperature,  with  each 
cycle  the  cnld  finger  In  thermal  contact  with  the  detect or/dewer  amoves 
any  hea*  generateJ  by  the  detector  array  or  entering  the  dew ar  through  thermal 
leakage. 
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INTERFACE 

3. 1  CONFIGURATION 

Figure  3- 1  (2  sheets)  shows  the  pertinent  outline  end  mount  1119  data 
for  use  of  the  designer  In  Incorporet mg  the  Nodular  Cooler  In  e  system 
layout  Note  that  the  dimensions  end  tolerances  relect  the  actual  drawing 
dat*  which  In  »anw  cases  differ  from:  or  supplement  the  data  in  the  L? 
Specification  Figure  3"2  I*  a  photograph  of  the  Nodular  Cooler 

3.2  INTr  RlONNECT 

The  Nodular  Cooler  may  be  operated  In  any  attitude  There  are  tapped 
mount  ng  holes  provided  both  in  the  base  and  In  the  cylinder  >ead  However, 
it  is  usually  better  to  use  the  head  mounting  sur'ace  since  it  has  a  closer 
control  of  tolerances  between  this  and  the  cold  finger  Also,  since  good 
heat  transfer  from  the  cooler  is  essential  for  its  performance,  head  mount¬ 
ing  Is  preferrad  as  discussed  In  the  section  or  thermal  design. 

Since  the  detector /dew ar  is  rigidly  attached  to  tl»e  cooler,  their  mount¬ 
ing  In  the  system  must  be  accomplished  as  a  unit.  A  typical  design  of  the 
cooler  mounting  Involves  the  use  of  an  altaninum  right -angle  bracket  tc  w*  ch 
the  head  of  the  cooler  and  the  mounting  flange  of  the  detector ■ dewar  module 
are  attached  Dowel  pins  locate  the  bracket  relative  to  the  system  structure 
which  may  be  a  heat  enchanger  assembly  as  descr  bed  In  the  thermal  6esigr  ser 
ion  Within  the  assembly  of  the  cooler,  detector /dewar ,  and  'he  bracket . 
adjustments  must  be  provided  to  compensate  for  dimensional  tolerances  n  the 
parts  so  that  the  detector  elements  can  be  located  n  a  fined  relation  to  the 
bracket  locating  dowels.  This  permits  the  cooler-detector  assembly  with  Its 
mounting  bracket  to  be  removed  and  replaced  or  another  assembly  to  be  subst 
tuted  in  the  system  without  need  for  optical  system  realignment 
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The  brecket  fomt  the  Interface  between  the  cooler  heed  end  the  heet 
eachenfcr  It  oust  be  node  of  e  Meter  lei  he v Inf  hlfh  the  me  I  conductivity 
Althoufh  It  )Mpotet  e  tllfht  edded  themel  ret  It  fence,  it  eidt  In  dlttrlbutlnf 
the  cooler  heed  output  Into  e  lerper  turfece  eree  of  the  heet  eachenfcr,  end 
thereby  eld«  In  the  over-ell  heed  trentfer.  The  cooler  poMer  dlttlpetlon  of 
•*4  wettt  It  divided  ebout  eeuelly  be tweer  the  electrlcel  loetes  In  the  notor 
end  the  ncchenlcel  lottet  due  to  friction  end  canpretflon  work.  In  e  typicel 
tytteM,  ebout  40  wettt  ere  conducted  to  the  heet  exchenfer  with  e  t— peroture 
difference  of  ebout  I4*C  between  the  cooler  cylinder  heed  end  the  ttreen  of 
eitemel  cool  1 09  elr  throu9h  the  exchenfer.  The  reoelnlnf  4  wettt  ere  t rent¬ 
ier  red  by  redletlon  end  convection  to  the  Intlde  elr  end  houtln9  of  the  tytteM 
The  power  connector  on  the  Motor  It  very  freflle,  to  tpeciel  cere  Mutt 
be  eaerclted  In  tlfhtenlnf  the  tcrew  holdlnf  it  to  the  voter  end  In  enfOflnf 
the  Metlnf  connector.  The  cold  f Infer  het  e  well  only  e  few  thou tend t hi 
of  en  Inch  thick,  to  extrcMe  cere  Mutt  be  uted  to  protect  It  f raw  dcwcfc  In 
hendllnf,  peck  inf,  end  Inttelllnf  The  cold  flnfer  it  noMinelly  219  Inch 
thorter  then  the  Metlnf  recatt  In  the  Detector-Dewer/llet  *eck  Module  (here- 
efter  celled  Detector  Module).  The  extreme  renfe  of  thlt  cleerence  It  froe 
174  to  227  Inch.  To  ettebllsh  thermel  contect  between  the  end  of  the  cold 
flnfer  end  the  end  plete  of  Dewer  recetf.  on  which  *he  Detector  It  Mounted, 
e  bellowt  (5H-C-772797)  It  utuelly  uted  tofether  with  e  themel  freete  The 
bellowt,  filled  with  theme  I  freete  end  with  c  thin  file  of  the  9reete  on 
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tha  anti,  It  pieced  or  the  end  of  tha  cold  finger  before  Mounting  tha 
Detector  noduia  on  tha  cold  finger.  btraaa  car a  rutt  be  everclted  to  at 
not  to  denege  tha  cold  finger  or  Dewar.  Tha  Detector  noduia  It  hald  agalntt 
tha  cold  finger  flanga  by  four  H- 12  tcroMt  thraadad  Into  tha  raar  of  tha 
Detector  noduia.  Note  that  tha  Detector-Oawer  attonbly  In  tha  Detector 
noduia  can  bo  rot at ad  and  lochod  In  any  angular  poeltlon  In  tha  noduia 
at  ragulrad  for  any  particular  tyttan  optical  layout.  Thlt  adjuttnant 
nutt  ba  nada  bafora  ettaa*llng  tha  Detector  noduia  to  tha  cold  flngar. 


Of  all  tha  Coaaaon  Moduiet,  tha  Modular  Coo  I ar  pot at  tha  graatatt  prab I  an 
for  tyttan  tharaai  datlgn  both  bacauta  It  hat  tha  hi  ghat  t  thamtl  dlttapation 
(M»  watts)  and  bacauta  Itt  detector  cooling  parfomanca  datarloratat  at  alavatad 
tanparaturat  whara  Itt  cold  flngar  cooling  load  It  tha  graataat.  For  that a 
-aatont  It  hat  a  vary  tlgnlflcant  affact  on  tyttan  t  Kama  I  datlgn  and  it  dltcuttad 
In  datall  In  tha  tyttan  "Thanaal  Datlgn  Cont Idarat lont"  (Sactlon  III  of  Chaptor  I). 

Tha  tyttan  can  ba  datignad  to  that  tharo  It  vary  llttla  IK  dafocut  coutod 
by  thampl  anppntlont  within  tha  Cpoiar,  Dower,  and  ttructura.  Tha  datlgnar  nutt 
tebo  Into  account  tha  avaraga  opa rating  tonpproturat  expected  in  tha  gloat,  ho¬ 
ver  ,  itelnleet  ttaal  and  elunlmni  parts  which  npha  up  tha  dower ,  cold  flngar, 
cooler  and  Mounting  ttructur*.  In  a  typical  tyttan,  tha  focal  plana  of  the  do- 
tactort  nay  thlft  about  0.005  inch  for  an  and  lent  tenp aratjra  change  of  I00*F. 


-2I§- 


3.4.1  !MfUT  OUMCTfUirriCS 


et  inverter  input  end 

et  cooler  Input  with  e  24.0  *4.0  volts 


(e)  *ower •  55  wettt  oeniau* 

44  wettt  aoninuo 
4:  source 

3. 4.i  output  omaactcristics 

(e)  Cool Inp  cepeclty  net  coo liny  cepeclty  et  77**  In  the  extent 

tenpereture  renye  of  -40  to  +#0*C  It  et  follows 


3.4.2  *R0C£SSINC  CHARACTERISTICS 

(•)  C«ol  down  1 1  mm  with  a  400  jowl*  thermal  «MI  plu*  a  h**t  load  ranging 

from  0  wait  wh«n  starting  at  roam  temperature  to  0.4 
watt  at  77*K.  10  minutes  mexlaxm  f row  turn-or  until 
I00*K  It  achieved;  IS  olnwtat  maximum  to  achlavo  77** 

(4)  Audible  no) ta  Tha  specified  noita  I aval  at  a  distance  of  25  feat  la 

not  to  exceed  tha  sound  praatura  lawala  Hated  below. 

The  praaant  unlta  do  not  fully  meet  this  ao  In  ap- 
pl)  cat  tom  «*tere  low  noita  It  Important ,  consideration 
should  be  given  to  uo*  of  acoustic  absorption  treat¬ 
ment  of  the  cooler  or  tha  housing  In  trttlch  It  la  mounted. 


Center  frequency 

Octave  band 

Nexlewm  sound  pres 

<H«) 

(M«) 

Reference  O.OOfl 

125 

87-1 75 

40 

250 

175-350 

39 

500 

350-700 

34 

1000 

700-1400 

32 

2000 

1400-2800 

35 

4000 

2800-5400 

34 

Sooo 

5400-11200 

34 

ANCILLARY  ELECTRICAL  DESIGN 

Since  the  Input  power  leads 

CONSIDERATION 

to  the  Cooler 

coming  from  the  DC/AC 

Invertor  power  board  terminals  £1,  F2  and  £3  (see  Figure  2.2,  Chapter  4) 
deliver  115  volt  400  Hart!  voltage  (approximate ly  44  watts),  these  loads  should 
net  b*  routed  adjacent  to  or  bundled  together  with,  other  leads.  Doing  so  mey 
Induue  unwanted  signals  In  the  other  leads.  For  a  Ilka  reason,  leads  from 
terminal  E4  and  E5  (44  volt  square  wave)  should  be  kept  apart  from  other  leads. 
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SECTION  IV 


A  L  IG*P*  NT/m  I  ¥TC  *  NCE 


4.1  QfWfAAw 

Thl*  section  provides  Information  on  the  test  end  alignment  requl retracts 
to  be  considered  In  the  use  end  application  of  the  Cooler  nodule.  Presented 
herein  ere  the  test  equipment  requl rements ,  test  set  up.  adjustment  end  a  I Ign- 
ment  techniques. 

4.2  TEST  CQUFWglfT 

The  following,  or  equivalent,  test  equipment  Is  required  to  perform  the 
necessary  operational  tests,  alignments,  and  adjustments  on  the  Cooler. 

4.2.1  STANOAAO  TEST  E*JIW«NT 

Table  4-1,  following,  presents  a  listing  of  commercially  available 
equipment  which  has  been  found  to  be  adequate  for  testing  of  this  module. 


Table  4-1 


Lylaryfii 

STANOARO  TEST  EQUIPMENT 

JS2HI 

Power  Supply 

Power  Design 

36505 

Power  Supply  (2) 

Lambda 

LPO4220N 

Digital  Multimeter 

flute 

SOOtt 

Pen 

Aotron 

M747 

Wattmeter.  AC 

Sensitive  Aeseereh 

VAW 

Stop  Watch 

Edmund  Scientific 

30371 

V  einm  Pump 

welch 

Owe  Seal  1402 

•  lode 

IN4I4* 

Not  required  If 

115  VAC.  400  to,  1  4,  power  at 

100  watt  capacity 

Is  aval lable 


4.2.2  special  test  eouimctfT 


The  special  equipment  listed  In  Table  4-2  Is  required  to  adequately  tost 
the  operational  status  of  tha  Cooler  nodule. 

Table  4-2 


SOCIAL  TEST  EQUIPHEHT 


nanufgctyrer 

1 

DC/AC  Inverter 

USA  ECO* 

SH-0-77J43J 

Cap,  Cold  finger  Thermal 
Test 

PAVSC/GSO 

2002096 

Adapter,  Cold  finger 
Thermal  Test 

PAVSC'GSC 

3002101 

Test  Dewar 

PAVSC/CSO 

2002219 

ncuntlng  Plate 

PAVSC/GSO 

3002100 

Standoff  Support 

PAVSC/GSO 

2002099 

Test  Set 

fabricate  Locally 

See  figure  4-1 

-Not  required  If  alternate  source  of  IIS  V,  400  Hi  power  Is  available 

«».3  m&ML 

Ho  special  tools  are  required  to  test  this  nodule. 


4.4  gST  mjtf 

T1 pure  4-2  Is  a  diagram  of  a  typical  test  set  up 


Operational  status  of  the  Cooler  nodule  nay  be  determined  by  the  fol¬ 
lowing  tests. 

*..5.1  CALllAATt  TE*PEAATU«E  SEtfSOA  A  HO  LOAD  AfSISTOft 

4.5.1. 1  Connect  tha  temperature  tensing  diode,  IH4I4#,  and  the  load  resistor 
as  shown  In  figure  4-J  and  secure  them  to  the  Cold  finger  Cap. 

4.5.1.2  Immerse  the  cap  In  liquid  nitrogen  and  record  the  resistance  and 
diode  voltage. 


soot  100 

200 SOM 


MEATS** 


*0W*» 

SUMtT 

tto  » voc 

4- 


OlSITAC 

MUlTtMCTtft 


Mfcirt  ‘••2.  Cooler  Module  ’eit  Setup 


4.5.2  ELECTRICAL  TESTS 

Perform  ••eh  test  of  the  folding  paragraphs  in  the  order  presented. 
Verify  a  proper  response  or  indication  before  proceeding  to  subsequent  actions. 
*.5.2.1  Egoiotm  Interconnect  Ipn 

*.5.2.1. I  Interconnect  the  Cooler  Module  and  test  equipment  as  shown  In 
Figure  4-2. 

NOTE:  The  Cooler  Hoduie  njy  also  be  operated  free*  a 
single  phase,  115  VAC,  400  Hz  power  source  by 
using  a  2.0  Mfd  phase  shifting  capacitor  as 
shewn  In  Figure  4-4. 

CAUTION  Failure  to  use  the  proper  phase  shift  with  the 
Input  power  supplied  to  the  Cooler  drive  motor 
could  result  In  denog-  to  the  Cooler  nodule 

4. 5. 2. 1.2  Verify  that  pll  the  above  connections  are  properly  made. 

4.5.2. 1.3  Energ’ae  the  vacuum  p*w*>  and  evacuate  the  Test  Dewar  to  I  *  10"^ 

Tor  max  I  mum  pressure. 

4.5.2. 1.4  Set  diode  power  supply  to  S.O  ±  1.0  V0C. 

4.5.2. 1.5  Adjust  load  resistor  voltage  to  provide  a  0.5  watt  heat  load. 

The  voltage  eey  4e  calculated  as  follows 

V  -  .5* 

when  A  -  load  resistance  at  77* 
k  recorded  In  paragraph  4.5. 1.2. 

4.5.2. 1.4  Set  nk  IN  MVE*  (SI)  and  FAN  (S3)  switches  to  their  ON  positions. 
Direct  fan  air  flow  across  the  Cooler. 

4. 5.2.2  Cool  Down  Time  , No  toed. 

4. 5. 2. 2. I  With  the  equipment  Interconnected  as  shown  In  Figure  4-1;  apply 
po*er  to  the  Cooler  nodule  by  setting  COOLER  FIVER  SWITCH  (S2  to  ON  and 
« ieul taneous ly  start  the  stop  watch. 
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“.5. 2. 2. 2  Note  the  time  required  for  the  Cooler  to  achieve  a  temperature 
of  77*K.  A  tempo ratun  of  T7V  I*  Indicated  fcy  a  voltage  -eadlng  on  the 
dgltal  yoltwter  Monitoring  the  diode  voltage  egua  to  the  reod'ng  -eco-ded 
In  paragraph  I*. 5. 1.2. 

The  elapsed  time  she* I  be  15  minutes  man 'mum. 

I*. 5. 2. 3  .-oed  Test 

Set  LOAD  switch  (S5I  to  ON.  Note  the  diode  vcltage  after  30  mnutes 
operating  with  the  heat  load  on. 

The  voltage  shall  be  equal  to  or  greater  than  the  voltage  recorded  In 
paragraph  A. 5. 1 .2. 

A. 5. 2. A  Input  l>cwer 

With  the  equipment  operating  as  In  the  prevous  test  momentarily 
depress  ACAD  WVE*  (SA)  switch  and  note  Cooler  Input  po »er  Indicated  on  watt¬ 
meter . 

Input  poser  to  the  Cooler  shall  not  exceed  UA  watts 
If  the  DC/AC  Inverter  Is  used;  Input  power  to  the  Inverter  shall  not 
excaed  55  wetts. 

A. 5.2. 5  Shut  Down  Procedure 

A. 5. 2. 5. 1  Set  C00LCA  PWt*  switch  Off,  and  turn  off  the  vacuta*  pump. 

A. 5. 2. 5. 2  After  approximately  30  minutes  turn  off  test  set  HA  IN  PtVES  and 
disassemble  setup 

CAUTION 

Do  not  attempt  to  disassemble  the  Interconnected  Cooler, 

Test  Dewar,  and  vacuum  pump  until  at  least  JO  minutes 
after  COO  LEA  PQWEA  shut  dorr  . 

A. 5. 3  MECHANICAL  ALIGNMENT 

The  Cooler  Module  requires  no  nechanlcat  allgnmert  upon  retaliation 
n  a  system,  other  than  to  provide  adequate  them*  1  diss  pat  on  paths  as 
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discussed  earlier  In  this  section. 


1 

4.5.4  ADJUSTNfKT  TH  ▼>€  SVSTfM 

Ho  adjustment  of  the  Cooler  nodule  l»  required  or  provl dad  for,  when 
installed  In  o  system. 
k.6  SbfCIAi  HfcrwTtNMCC 

The  Cooler  Nodule  requires  some  special  maintenance  attention  beyond  the 
routine  procedures  fel  land  for  qeneral  electronic  equipment.  Since  no  fill 
pert  or  hellun  pressure  status  90090  Is  provided.  It  my  be  advisable  to 
partially  dlsesseable  the  Cooler  after  every  500  hours  of  operation  or  when 
the  cool  I ny  capacity  Is  found  to  be  Inadequate. 

4.6.1  minnmna  **>cem«wt  runs 

when  the  Cooler  has  been  disassembled,  all  piston  rlnys  and  seels  amst 
be  clooely  Inspected  for  evidence  of  wear  or  deterioration  and  replaced  as 
necessary. 


CHAPTER  8 

SCAN  AMO  INTERLACE, 
INFRARED  (oO  Ht) 
OSAECOH  SH-0-77J89A 


scrr«->  i 


COtCKAi  MfoumoN 


'  •'  INTHOflvpia 

The  Infr«r«d  Scan  and  Interlace  (bO  Mt)  hodula  (hereinaftar  cal  lad  the 
Sea  and  Interlace)  differs  physically  and  alactrlcally  from,  and  should  not 
ba  confuted  with  the  Scan  and  Interlaca,  Infrarad  (JO  H»,  Low  Power/  nodule, 
t/H  SH-0-772M  1  . 

The  Scan  and  Interlace  nodule  contains  the  drive  alactronlcs  to  operata 
and  control  the  Scanner ,  he chan I  cal  nodule,  fhe  Scanner,  he chan I  cal  nodule 
contains  nlrror  drive  notort ,  Interlace  solenoids,  a  scan  position  trans¬ 
ducer,  an  Intarlaca  position  transducer,  and  a  transducer  bridge  network. 

The  Scan  and  Interlace  nodule  Interacts  with  these  elenenta. 

1.2  IWTeWOCP  USE  Of  ITCh 

The  Scan  and  Interlace  nodula  has  been  deal 9 ned  to  Interface  with  other 
major  cannon  and  special  nodules  to  font  an  |nte9rated  forward  Look  1 09  In¬ 
frared  (FLIP)  or  Thermal  I  nag  I  r>g  System.  The  primary  function  of  the  nodule 
It  to  monitor  and  control  the  Scanner,  hechenlcel,  which.  In  conjunction  with 
others  nodules,  optically  scans  the  a  thermal  n#ge  of  objective  space  onto 
a  detector  array  and  simultaneously  scans  tha  output  of  an  ICO  array  and  col¬ 
limator  to  tha  visual  output  optics  of  a  system, 

13  UCHhlCALj^CJF. I  CATIONS 

The  technical  sped f Icat ions  of  the  Scan  and  Intarlaca  nodule  are  fully 
described  In  development  Specification  I2-28AOSOI 20.  Abbreviated  sped f I  cat  Ions 
are  as  follows 
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See cl  fleet  ion 


E I  act t '  ce I  (^or  were  complete  specification*  too  Section  J.b) 


Stw  r>eeueney 


Frag  Orlft 


Inter  loco 


Scon  Direct (on 


Rite  Time 


Supply  Tracking- 


Impedance 


Scon  Efficiency 


*•  chen I  cel 


Height 


Dinar**  loot 


Verloble  From  20  IR  fre«ne*/60  Field*  per  tec 
to  62  IR  fro*et/12%  Field* 


Fewer  Supply  Requirements 


*10%  from  ambient  setting  when  expot ed  to  en¬ 
vironmental  conditions 

1'1  or  1:1  Interloce  depend*  on  wiring  on  opt  Inf 
connector  for  the  vltlble  collimating  optic* 
counted  et  either  the  tide  or  roer. 

Adjuttoble  operation  for  all  seen  angles  up  to  *5*  fo< 
frequencies  of  20  to  60  «x.  01  recti  on  con  be  tel acted 
to  moot  system  reeul remen ts  with  vltlble  optic*  mound 
ed  at  tide  or  rear  of  Scanner. 


*5.0  *0.)  VDC  (I  tap  peak)  0.65  wetts  «ex  0.1  V 
-5.0  *0  3  VDC  (I  Oemp  peek)  0.25  "  "  ripple 


-5.0  *0  J  VDC  (I  Oemp  peek)  0.25  " 
*♦15.0  *0.5  VOC  (1  . 5enp  peek)  u  » 
*-15.0  *0.5  VDC  (1  5emp  peek) 


0.2  Vpp 

ripple 


*For  20- JO  Ht  operation  *15V0C  nay  be  reduced  to 
*5  VDC  Total  Power  -  6.0  watts  tax 


0.5  second* 


♦15  VK  turn  on  rite  time*  S  *5  VDC  tupplle* 
*5  VOC  rite  time*  track  within  20% 


0.1  ohm  to  10  kHz,  5  ohm*  to  100  kHz 


70%  eln  for  teen  engl#  to  10  degree*  seen 
frequencies  20  to  62  M* 


0.35  lbs. 


See  Figure  3*1 . 


NOTE 

Nechenlcal  sped f Icetlons  Involved  with 
Interface  requirements  ere  Included  In 
Section  lit. 


I 

I 
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SECTION  II 


fCNCTIONAl  OCSCNimON 

2.1  GENE  Ml. 

The  Sc an  and  Interlace  nodule  processes  Inputs  f ran  a  Scanner  nodule 
•can  transducer  and  Interlace  transducer  to  provide  drives  for  the  scan 
stirrer  no tors  end  Interlace  solenoids  of  the  Scanner.  It  also 
provides  an  IN  data  pulse  to  the  Aunllllery  Control  Module  for  blanking 
and  scan  failure  protection,  »y  strapping  the  proper  noting  connector 
pins,  the  Scan  and  Interlace  can  be  node  to  synchronise  the  system  seen 
rate  to  an  enterrel  signal  such  as  a  television  vertical  sync  pulse.  Ad¬ 
ditional  strapping  Is  used  to  select  one  of  3  possible  Interlace  nodes . 

The  three  Interlace  nodes  ere  2:1  rear,  2:1  side,  end  1:1.  The 
teres  "rear"  and  "side"  refer  to  the  position  of  the  Visual  Coillnetor 
nodule  relative  to  the  Scanner  nodule.  The  phase  relationship  of  the 
scan  nlrror  position  and  the  Interlace  position  Is  shifted  ItO  degrees 
between  the**  two  nodes.  The  torn  '*2:1"  refers  to  the  fact  that  there 
•re  2  Interlace  positions  frr  eech  full  scan  cycle.  The  1:1  Interlace 
node  provides  one  Interlace  position  for  one  full  scan  cycle  end  the 
second  Interlace  position  for  the  following  full  scan  cycle. 

1.2  WMJL  JC1U1 

2.2.1  SCANNING  (Fafer  to  Schematic  Figure  2-1  end  wevefoms,  r  I  gore  2-2) 

The  scan  drive  electronics  and  the  scan  nlrror  font  an  vlectronee- 
ehanlcel  oscillator.  The  electronics,  with  feedback  Information  freei  the 
•  can  position  transducer,  control  the  wevefom  end  amplitude  of  this  osclll- 
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tICHAL  *M" 


SIMM.  *t ' 


tWHAL'O' 


SKMAL'C’ 


re 


Fl^ur«  2-2.  Slwptlfietf  ScJn  end  Interlace  Wevefo nee 


The  output  of  the  scor<  position  transducer  Is  buffered  and  amplified 
by  A*2  ,  After  AC  coupling  iMs  signal  Is  labeled  signal  "C\  (Figure  2-2), 

UIA  1$  an  edge-triggered,  type  0  flip-flop  (FF) .  QIO,  Qll,  and  Q12 
buffer  the  output  of  UIA  and  apply  It  to  '“scan  rate"  control  (*58).  *58 

output  Is  IntegrateJ  and  Halted  by  **7  and  a  diode  bridge  (C*9  thru  CAI2), 
to  fora  a  clipped  triangular  reference  waveform  (available  on  J2-II).  This 
ua reform  Is  coup a  red  to  scan  position  signal  "C",  (attenuated  by  "scan  drive 
•al11  control,  *64)  In  error  amplifier,  AAfl.  The  error  signal  (A*8  output) 
is  amplified  by  Ql 3  thru  021  (power  amollfler)  to  drive  the  scan  motor. 

Two  reference  voltages,  ♦2.!»VDC  and  -2.4VDC  are  generated  by  CA4,  AA3A 
and  A*38,  The  .*»VtC  Is  applied  to  "spring  limits  level"  control  (*38)  to 
generate  two  reference  Halt  voltages  In  AA&A  and  AAfct.  A*5A  and  A*5*  form 
a  two  level  comperltor,  compering  the  reference  limit  voltages  to  signal 
"C".  One  limit  Is  In  the  direction  (♦  or  -)  which  represents  C V  rotation 
of  the  mirror  as  represented  on  signal  "C',  and  the  other  limit  Is  In  the 
direction  representing  CCV  rotation.  When  either  Halt  Is  reached  (e.g.,  when 
the  mirror  has  rotated  to  a  point  where  signal  "C"  Is  equal  So,  or  greater  than, 
the  reference  limit  voltage)  the  output  of  the  comperltor  (signal  *W)  goes 
high.  A  high  on.  signal  "H-  ,  thru  Q40,  Q14  and  QI7,  shuts  off  the  drive  to 
the  scan  motors.  The  Inertia  of  the  scan  ml rror  causes  It  to  continue  until 
the  bounce  springs  reverse  Its  direction.  Signal  "CM  decreases  In  amplitude, 
tracking  the  reversed  ml rror  travel.  When  signal  "C'  becomes  equal  to,  or 
less  than  the  reference  voltage,  signal  *  drops  from  a  high  to  a  low.  The 
Change  In  "H**  resets  the  FF  (UIA),  reversing  the  mirror  drive  voltage  polar¬ 
ity,  and  Q60,  QI4  and  Q17  shut  off,  turning  the  motor  drive  amplifier  beck 


2.2.2  SCAN  SYhC 

The  Seer  end  Interlace  module  it  capable  of  operating  In  tync  with  on 
externally  generated  pulse  The  tync  circuit  squares  the  tync  pulse  end  the 
mirror  position  pulte.  The  phase  difference  between  the  two  squared  signals 
t  detected  end  adjusts  the  scan  motor  drive  to  minimize  the  phase  difference. 

The  input  sync  signal  Is  Isoleted  by  optical  coupler  FT I .  Suffer  <B7 
drives  "sync  delay  one  shot,  U2A.  wh.ch  then  drives  ‘sync  drive  width'  one 
•hot  U2*.  The  output  of  l/2i,  buffered  by  <139  Is  the  squared  sync  slqnel 
(Signal  1"  .  Figure  2-2). 

The  triangular  scan  position  s  Ignat  (slqnel  'C‘)  Is  squared  by  comperltor 
Aftu  AA4  output  Is  slqnel  "D*  It  Inverted  by  OS  to  obteln  slqnel  "C". 

t*'  Is  Inverted  end  amplified  by  Q9  to  obteln  slqnel  "A  '. 

Slqnals  ‘A  end  *'  ere  summed  Integrator  A*7.  Slqnel  (A  *  •)  la  the 
phase  error  signal  which  locks  the  scan  frequency  to  the  Input  tync  frequency. 
In  the  absence  of  e  sync  Input  signal,  the  scanner  runs  at  Its  own  free 
running  frequency  determined  by  *58. 

2.2.3  HIMOA  FOSITIOh  SIGNAL  AMPLITUDE 

To  compensate  for  drift  In  the  mirror  position  transducer  output  ampli¬ 
tude,  the  transducer  bridge  voltage  Is  controlled.  Signal  "C"  (mirror  posi¬ 
tion)  Is  fed  to  diode  connected  Qb  (pins  1  i  ]).  This  with  Cb,  forms  a  peel, 
rectifier.  The  DC  voltage,  from  the  peek  rectifier.  Is  compered  with  a  DC 
reference  from  *16,  "bridge  voltage  control.  Error  amplifier  API  end  Ql 
drive  the  transducer  bridge  to  a  value  which  keeps  the  detected  ml rror  posl- 
tlo  voltage  constant  by  feedback  action. 

2 .2.6  VIDEO  CATE 

The  Scan  and  Interlace  module  generates  a  video  gate  pulse  which  can  be 
used  by  the  video  euxltllery  module  to  blank  the  video  display  This  pulse 
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is  generated  during  the  mirror  turn-around  time.  Signal  "M"  (tear  I5«lt) 
drive*  02 4  which  drive*  photo-coupler  AT2 .  The  output  of  the  properly 
biased  AT2  Is  the  video  gate  pulse 

AC  coupling  In  the  video  auxiliary  nodule  requires  pulsing  on  the 
video  gate  signal  to  keep  the  disotay  on.  Therefor*.  If  the  video  gate 
signal  Is  on  cont I nuouf I y ,  the  display  will  be  shut  off.  If  scan  Is  lost, 
022  stops  pulsing,  allowing  023  to  turn  off,  which  turns  025  on.  When  025 
Is  on,  AT2  s  on  full  tine,  keeping  the  video  gate  signal  on  and  blanking 
the  display 

2.2.5  INTERLACE  SERVO 

For  Interlace  the  scan  Mirror  is  tilted  by  solenoids  1  and  2  rotating 
the  scan  Mirror  gimbel.  The  interlace  position  transducer  output  is  sensed 
by  amplifier  AR<*.  An  ‘'interlace  position  reference  voltage  Is  developed 
across  RI5I  ("Interlace  position  REF  control).  These  t*ws  signals  er*  ap¬ 
plied  to  error  amplifier  AR10.  AA10  output  drives  the  two  solenoid  driver 
amplifiers,  AR1IA  and  ARIII.  Solenoid  #1  is  driven  from  ♦"  to  ground  thru 
NRW  transistors,  Q28  and  Q29.  Solenoid  #2  is  driven  fra*  ”-  to  ground 
thru  Fhf  transistors,  Q30  and  03 1  .  Thus  they  are  effectively  lr  class  '*• 
and  are  never  on  together.  AR12,  Q32  end  QJ3  generate  a  reference  voltage 
to  Rljb,  "Interlace  rate  REF  control.  Rljb  output  Is  summed  Into  ARllA 
and  ARIII  Inputs,  controlling  the  peak  drive  to  the  solenoids  affecting  the 
time  required  to  switch  from  one  interlace  position  to  the  other 

Two  interlace  phase  relationships  are  possible,  2:1  and  1  1.  The 
2  1  interlace  gives  two  Interlace  positions  for  each  scan  cycle  (scar  one 
direction  for  I  Interlace  position  and  return  scan  on  2nd  interlace  post 
tlon).  The  l.l  Interlace  gives  one  complete  scan  cycle  par  Interlace 
position. 


The  interlace  phase  Is  selected  by  e  switch,  or  by  jmper  connections, 
thru  PI.  These  determine  the  inputs  to  end  “clock”  connections  of  Ull, 

*  X  jype-trl peered  flip-flop  (FF) .  For  1:1  interlace  Ull  Is  connected 
es  a  dlvlde-by-2  circuit  clocked  by  signa*  "f.  Signal  'T'  pulses  only 
for  one  complete  scan  cycle.  The  output  state  of  Ull  sets  the  pola¬ 
rity  of  solenoid  drive  thru  03**,  Q35  end  QJ6.  Thus  the  interlace  position 
is  switched  once  per  scan  cycle. 

For  2:1  interlace,  the  clock  Input  Is  connected  to  signal  *H  re¬ 
versing  the  polarity  for  each  turn  around  (l*f  F|g.  2-2).  This  yields 
2  interlace  positions  for  each  complete  scan  cycle.  In  the  2:1  Interlace 
mode,  the  interlace  position,  with  respect  to  scan  direction,  can  be  re¬ 
versed  to  accommodate  the  LED  mounting.  If  the  LED  module  1*  mounted  on  the 
rear  of  the  scar  module  the  interlace  position  relationship  must  be  the 
inverse  of  the  relationship  required  when  the  LED  module  is  mounted  on 
the  side  of  the  module.  To  accommodate  this,  either  signal  “D1  or  Its 
Inverse  signal  ■€",  is  connected  to  the  *0  Input  of  the  FF  (Ull).  This 
results  in  the  Interlace  being  In  CV  mirror  rotation. 

2.2.6  SCAh  OISAILE 

When  a  positive  potential  Is  applied  to  the  scan  disable  input,  the 
scar  motor  drive  amplifiers  end  solenoid  drive  are  disabled  and  the  video 
gate  signal  is  turned  on  continuously. 

The  scan  disable  signal  turns  on  Q60  which,  through  Q16  and  Q>7.  disables 
the  seen  motor  drive.  It  also  turns  <125  on,  turning  on  the  video  gate  signal 
Iref  paragraph  2.2.6).  Interlace  Is  disabled  by  turning  027  on  which  applies 
♦5V  to  All  1 A  and  Allll  inputs  disabling  both  solenoid  drive  circuits. 
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SECTION  III 


INTERFACE 

3.1  CQMflfrlAATiON 

Figure  3-1  shows  the  pert  rent  out1  ne  and  mount  >ng  data  *or  use  o'  “he 
designer  In  incorporating  the  Scan  and  Interlace  (40  Hr*  module  n  a  system 
layout  Note  that  the  d  mensons  and  tolerances  reflect  the  actua  d-e*.- 
In9  data  which  In  some  cases  d  ffpr  * ror-  or  supplement  the  data  'n  the  *2 
spec  fleet  Ion,  Figure  3-2  s  a  photograph  of  the  module  and  Figure  3*3  s 
a  r#ects  location  draw  ng 
3 .?  INTER CONNECT I Hu 

All  signals  and  power  connect  through  Fl  to  a  connector  or  a  anther 
board  or  eir  ng  harness  Although  the  test  connectors  J1  and  J2  are  not 

used  In  normal  operation,  the  des  gner  should  cons-der  providing  clearance 

so  that  test  plugs  ca.i  connected  without  need  for  «n  eatender  or  Rl  , 
Access  should  be  provided  to  the  test  lacks  J3  through  J§  and  for  the  ten 

trim  poteni ometers  at  the  top  of  the  module  Each  end  of  the  module  must 

be  support*  >  a  suitable  mounting  slide  For  applications  neolvlny 
seve'e  shock  or  vibration,  pos  t  ve  means  should  be  prov  dad  to  retain  the 
module  In  the  fully  engaged  posit  on. 

3.3 

Although  the  Scan  and  Interlace  (40  Mr)  module  power  dtsslpet  on  Is 
relat  vely  low  3  watts  t  must  be  taker  nto  account  du'  ng  system  de¬ 
sign  Refer  te  Section  III  fo  Chpeter  I  for  a  detailed  discuss  on  of  the 
system  thermal  des  gn  cons  derations 
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(*M  09)  V**  u*»S  'l-f 


Intar laca  Nodula  (60  M* )  Partt  Location  Dra-tng 


3.4  ElICTMCAL  INTWkCi  a*TA 

3.4.1  IMfUT  CHARACTERISTICS  (60  Mf  High  »ow»r) 


(•)  Voltaga/Currant/Powar 


Voltaaa 

Currant 

Can 

► 

♦5.0  *0.3  volt* 

4c 

1 .0  ampar*  peak 

0.65 

Wttt» 

-5.0  *0, 3  " 

M 

1  .0  "  M 

0.25 

•  • 

♦15.0  1.05  M 

H 

1 .5  H 

6.6 

ft 

-15.0  10.5  M 

M 

1  .5  "  H 

6.6 

*1 

wore. 

for  20-30  Hf  operation,  H5  Vdc  may  b «  reduced 
to  *5  Vdc  and  total  power  raeulred  will  ba  4.0 
Matt*  maximum 


(b) 

Klppl* 

0.1 
A  <m 

volt  paak-to-paak  maxim** 

1  on 

♦5  and  -5  Vdc 

0.2 

volt  paak-to-paak  max Imtm 

1  on 

♦15  and  -15  Vdc 

(c) 

Supply 

rls*  tlma: 

0.5 

I 

« 

? 

0 

* 

(d) 

Supply 

tracking: 

♦15 

and  -15  Vdc  turn  on  rls* 

tlm 

>* 

3»  th «  >5  and-5  Vdc  rl*a  times 
♦5  and  -5  Vdc  rl*a  times  *Kall 
track  within  20% 


(a)  Impedance  i  0.1  ohm  to  10  fcht 

<  5  ohm  to  100  kHt 


3.4.2  OUTPUT  CHARACTERISTICS 


(a)  Scan  frequency 


(b)  Interlace 


(c)  Scan  d 1 ract Ion 


varlabla  from  20  Infrarad  (IA)  from*/ 40  flald* 
par  tacond  to  62  IK  frama*/ 124  flald*  par  second, 
drift  -  110%  from  an* lent  sat  ting  whan  exposed 
to  spaclflad  stat Ic-c I Imat I c  anvlronmant* 

appropriate  alactrlcal  signal*  provided  to  caw* a 
scannar  ml rror  to  Intarlaca  at  and*  of  active 
atimuth  scan  traval;  adjustable  In  tlma  domain  to 
permit  operation  at  all  scan  anglas  *  5*;  for  scan 
frequencies  barwaan  20  and  62  Hf,  Intarlaca  can 
ba  adjusted  to  provlda  an  Intarlaca  signal  althar 
onca  par  at Imwth  scan  or  onca  avary  othar  atimuth 
scan 

appropriate  alactrlcal  signals  parmlt  operation  at 
2:1  and  1  1  Intarlaca  and  for  tha  visible  col  I ! mat  - 
I ng  opt  I cs 


(d)  Vfdao  gala  video  gat*  output  provides  an  Isolatad  currant 

sink  durl ng  each  scan  ml rror  turn-around;  currant 
sink  capability  -2.0  ml  I  Hamper**  maximum 
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(•)  Test  points:  provided  to  permit  *et  up  end  checkout  of 

electrical  signals  uhlch  dr  lv*  and  control 
•con  nochon i to  function* 

J.4.3  MKItSIM  CHARACTERISTICS 

(o)  Scon  efficiency:  7QX  minima*  for  teen  on*!**  up  to  10*  •  nd 

for  seen  frequencies  of  20  to  U  Hi 

(b)  Scon  jlttor  In  ailnuth:  0.75  nl III  rollon  maxima*  In  scan  mechanism 

for  teen  angles  up  to  10*  and  icon  frequencies 
bo too or  20  end  62  Hi 

(c)  SconJIttor  In  Interlace:  Interlace  repeatable  with  a  *1<JX  deviation 

of  the  height  of  a  display  element  over  central 
MX  of  active  ailnuth  scan;  maxima*  change  In 
average  Interlace  novenent  S15X  of  Initial 
•etuo  at  over  specified  operating  temp¬ 

erature  range;  after  soaking  at  -42*C,  Inter¬ 
lace  will  return  to  within  st$X  of  Initial 
setup  when  stab! Ited  at  -30*C 

(d)  Scon  failure  circuit:  scan  failure  circuit  provided  to  disable 

power  amplifiers  to  both  scan  nctors  and  In¬ 
terlace  drivers  should  scan  nlrror  stop 

3.4.4  ANCILLARY  ELECTRICAL  OCSICN  COHS I  DERATIONS 

(t)  To  assist  In  the  understand! ng  of  the  Interrelationship  amsng  the 
electrical,  electromechanical  and  mechanical  operations  of  the  Scan 
and  Interlace  nodule,  a  block  diagram  Is  provided  (see  figure  }.4.l) 

(2)  Information  relative  to  Scan  and  Interlace  Orlve  Waveform*.  Scan 
Position  Amplitude  as  a  function  of  Scan  Angle,  and  Spring  Limit 
Width  will  be  found  In  figures  3.4*2  through  3.4-4  respectively, 
de*  trlptlons  and  Information  concerning  Test  Jack  Designations 
(Includl ng  measured  values  and  other  Information  aval  table  at  the 
test  Jacks),  Variable  Resistor  Adjustments.  Optical  Circuit  functions. 
Circuit  Descriptions,  formula  for  Determining  Angle  between  Spring 
Stm4,  and  Polarities  of  Transducers.  Solenoids  and  Torguers  will 
be  found  In  Tables  3-4-1  through  3.4-b  respectively. 
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1.  W®»#form  »ho*»n  »r*  for  W  Hort*  operation. 

2.  HI"  rofor*  to  •  M qh  lo«lc  level.  to  to  e  la 


Flfvr*  ).**•!.  >cer  *rvj  Intarloca  Drive  ^eveform 


joI#  J.4-2.  Vprlabla  fta*l*tor 
Adju*tmant* 


Tabla  3.4-3.  Optical  Circuit 
Function* 


♦  *4**  [.**  0-«U  • «  *] 
Mt 


T  •«<«■ 

*c  •  am  itui 

Va-s-Mr. 


Tpblu  >.4-4.  Circuit  Optcrlptlon 


Tabla  3.4-5.  Formula  for  Op- 
taralnlnp  Anpla  tatwaan 
Sprl 09  Stop* 


»*»•*> 


Tabl#  3.4-4.  Folarltla*  of  Tran*dvcar*  Solano id*  and 
Torpuar*  1 


(j)  A  2  I  end  t  I  Interlace  os  specified  for  the  Scon  end  Intorioco  Modulo 
l«  do flood  os  follows 


1  ■  [nurlm  (Arrow  Indicates  Scot  lino  ond  direction  of  etimuth 
scon) 


i«»  ntLO  fitLO  jn  rtfLO  «*•  riCLO 


»•»  net*  rttLO  JH  riCLO  «*»  riCLO 


(A)  This  Scon  ond  Intorioco  nodule  (40  Herts.  hlqh  power)  should  bo  used 
when  the  system  ur  I  quo  Input  power  Is  not  unduly  restrictive,  end 
e  scon  frequency  os  low  os  20  Nprtx  or  os  high  os  42  Herts  end  e 
scon  enqle  of  up  to  10  decrees  Is  required.  If  the  system  unique 
Input  power  Is  United  end  o  scon  frequency  of  )0  Herts  end  e  scon 
onqle  of  up  to  5.5  decrees  Is  acceptable,  Scon  end  Intorioco.  draw* 
Inq  Ho.  SM-O-77J094  (JO  Herts,  low  power)  should  be  used. 

t*»e»i 
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3.4.5  input  characteristics  (30  m z  um  Power) 


(e)  Voltage:  *4. 8  end  -4.8  volts  dc 

♦10  end  -10  volts  dc 

(b)  P<m«er:  to  operate  low-power  board  end  scanner  2.2  watts 

maxim***  for  active  scan  angle  <"5.5 

3.4.b  OUTPUT  CHARACTERISTICS 

(•)  Scan  frequency  adjustable  to  30  *0.5  Hi,  drift  *3  Hz  maximum  from 

ambient  setting  when  exposed  to  specified  static¬ 
al  Imatic  environments 

(b)  Interlace  appropriate  electrical  signals  provided  to  causa 

scanner  mirror  to  Interlace  a*  ends  of  active 
azimuth  scan  travel;  Interlace  can  be  adjusted  to 
provide  an  Interlace  signal  once  per  azimuth  scan 

(c)  Scan  direction:  bldl rect lonel  mode  et  2  scans  per  cycle 

3.4.7  PROCESS  IMG  CHARACTERISTICS 

(e)  Sean  efficiency  75%  mining  for  an  active  scan  angle  1  5.5" 

(b)  Scan  Jitter  In 

azimuth:  0.75  ml  I II  radian  maxim***  In  scan  mechanism  for 

scan  angles  up  to  5.5* 

(c)  Scan  jl tter  In 

Interlace:  interlace  repeatable  with  a  *10X  deviation  of  the 
height  of  a  display  element  over  central  80%  of 
azimuth  field  of  view,  maxim***  change  In  average 
Interlace  displacement  215%  of  Initial  setup  et 
♦25*C  over  specified  operating  temperetur  -ange 
after  soaking  et  -b2*C,  Interlace  will  return  to 
within  1JX  of  Inltla'  setup  when  stabilized  at  *30*C 

3.4.8  AHCILLIARY  ELECTRICAL  DESIGN  CONSIDERATIONS 

(1)  This  Scan  end  Interlace  module  (30  Hertz,  low  pcwer)  should  be  used 
when  the  system  unique  Input  power  Is  limited,  end  e  scan  frequency 
of  30  Hertz  and  scan  angle  of  no  greater  than  5.5  degrees  Is  accept¬ 
able.  If  e  scan  frequency  of  from  20  to  U  Hertz  end /or  a  scan 
angle  of  et  least  10  degrees  Is  required  Sean  end  Interlace,  drawing 
No.  SH-0-77J8$4  (40  Hz,  high  power)  must  be  used  (tee  3.4) 
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SECTION  IV 


ALIGNMENT /MAINTENANCE 


**.1  CENEMfe 

This  section  provides  Information  on  the  test  end  alignment  requi  rements 
to  be  considered  in  the  use  end  applicetion  of  the  Seen  end  Interlace  module 
Presented  herein  ere  the  test  equipment  requl rements ,  test  set  up.  edjust- 
nent  end  alignment  techniques. 

4.2.  TEST  EQUIPMENT 

The  following,  or  equivalent,  test  equipment  Is  requi red  to  perform  the 
necessary  operational  tests,  alignments,  and  adjustments  on  the  Seen  and  In¬ 
terlace  aioduie. 

4.2.1  STANOAAO  TEST  EQUIPMENT 

Table 4-1,  following,  presents  a  listing  of  equipment  tdileh  hes  been 
found  to  be  edequete  for  testing  of  this  module. 


Table  4-1 

STAMOAAO  TEST  EQUIPMENT 


Hint 

Manufacturer 

1 

Power  Supply  (2) 

Hewlett -Packer* 

4227* 

frequency  Counter 

Hewlett-Packard 

5J24A 

Osel 1 loscope 

Tektronix 

45J 

Scanner  Module 

USA  Ecom 

SM-O-77380S 

function  Generator 

NaveteV 

110 

Digital  Multimeter 

fluke 

8000A 
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4.2.2  SbECIAl  TEST  SEQUlRNCMT 

Conver  ent  means  of  nter connect  I ng  the  ve  OuS  eqi.  pment ,  controls 
end  simulators  used  In  testing  the  Scan  and  Interlace  module  may  be  achieved 
by  fabricating  a  test  set.  Such  a  test  set  may  be  fabricated  from  the  In¬ 
formation  In  figure  *-1  - 
‘♦.3  SbEUAl  TOOlS 

ho  special  tools  are  regul red  to  test  this  module. 

4.4  TcST  SET  U* 


Flgure**Slls  a  diagram  nf  the  typical  Interconnect!  on*  used  tn  a  te, 
set  up. 


Operational  'tat us  of  the  Scan  and  Interlace  Module  mev  be  determined  by 
the  'ollowtng  tests. 

4.5.1  ELECTRICAL  TESTS  AND  ADJUSTMENTS 

Perform  each  test  of  the  following  paragraphs  In  the  order  presented 
Verify  a  proper  response  or  indication  before  proceeding  to  subsequent 
actions . 


4.5.1  .1 
4.5.1  .1  .1 


Insure  that  the  following  switches  and  controls  are  positioned  as 


-nd  tated 


TEST  EQUIPMENT 


=  15 

Volt 

fewer 

Supply ,  LINE 

Off 

2  5 

Volt 

bowe' 

Supply  LINE 

Off 

=  15 

Volt 

bower 

Supply,  VOLTAGE 

Minimum 

=  5 

Volt 

fewer 

Supply,  VOLTAGE 

Minimum 

>oth  Supplies. 

INOCbENDCNT-TMCKlNC 

TRACKING 
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*5  VOC 

*OWC» 


in 


F’qur*  ‘•-2.  5c»fi  »r>4  Interlace  Horful#  T#$t  S«tu» 


TEST  SET 


SCAN  RATE. 

off 

SYNC 

INTERNAL 

SYNC  HO  Of 

INTERNAL 

INTERLACE  RATIO 

2:1 

COLLIMATOR  MOUNTING 

REAR 

*.5. *  J  .2  Insert  the  Scan  end  teriece  Nodule  Into  test  sat  Jl  .  (See 
P  I  gure  *-2). 

*.5.1  .1.3  Using  the  (5hmm*ter  function  of  the  digital  multimeter,  measure 
the  resistance  between  J 1-1  and  JI-2  on  the  Scan  and  Interlace  Module. 

(Sea  f  I  gura  b-J ) 

The  rm I  stance  shall  be  1000  *20  ohm*. 

*.5.1.1.*  haesura  the  resistance  between  Jl-J  and  Jl -J  of  the  Scan  end  In¬ 
terlace  Nodule. 

The  resistance  shell  be  9090  *IS0  ohm* . 

*.5.1.1.*  Turn  the  power  supplies  on  end  adjust  for  *5.0  *0.3  Vde  and  *15.0 
*0.5  Vdc. 

Then  turn  power  supplies  off. 

*.5. 1.1.5  Interconnect  *11  test  equipment  as  shown  In  Figure  *-2. 

*.5.1.1.*  Interconnect  scanner  module  with  test  set. 


*.5.1.2 


*  5. 1.2. I  Turn  power  supplies  on. 


Set  SCAN  RATE  to  **0-40  Hr  Position. 

*.5. 1.2. 2  Npmenterlly  depress  the  DISA9LE  SWITCH  which  measuring  tha  current 
from  each  of  the  power  supplies. 

The  currant  for  each  of  the  suppl  as  shall  be  within  the  following  limit* 
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VOtT ACC 


♦5 «  Vde 


OmtMT 
<  no  ha 


V01TA6C 

♦15  Vde 


CUAACNT 


^<^0  Ht 


-5  0  Vdc 


<50  HA 


-15  Vdc 


<440  HA 


SSL&l 

OnlatS  otherwise  Ind I  rated,  *ha  tast  je  <t 
rafarrad  to  In  1 abitqu#"'  paragraph*  •• •  lo- 
ca tad  on  tha  Scan  and  Intarlaca  Hodula.  Saa 
Flgura  ). 


4.5.1  J 


*•■5  I  3.1  *<lth  tHa  SCAN  AATC  twitch  In  tha  1*0 -40  Hr  position,  using  t  fra- 
guency  cowntar,  oaature  tha  fraguercy  at  J) 

Tha  fraguaney  (hall  bn  5l  *1  Hr  Turn  SCAN  AATC  off. 

*•.5.*  3  Scon  Prlva 

4.5.1.).!  Sat  tha  function  ganarator  to  provlda  a  triangular  wave  output  at 


Frag nancy: 
Amplitude 


60  Hr 


**,0  Vdc  (positive  90(09) 


A. 5. I  3.2  Aotltlon  tatt  tat  twltchat  at  follows 


CXTCANAL 


SYNC  H00€ 


CXTCANAi 


SCAN  AATC 


40-60  Hr 


6.5.1.)  3  0* 1 09  tha  dlqlta'  multimeter,  measure  tha  voltage  at  J7. 

Tha  vol tag#  shall  bn  1.9  *0.1  Vde 

6.5.1  3  4  Sat  tha  oscilloscope  to  external  trl99or  and  syne  to  tha  Input 


signal 


Connnct  os  cl  1 1  os  cop#  ehannal  A  to  J7. 


Tha  60  Hr  component  of  th#  rl ppla  shall  bo  no  no ro  than  20  «v  p-p. 
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•*-5.1  3  5  Wove  the  McMImcom  c^nn*!  A  Input  to  JJ 

T**e  displayed  wevefo rm  that  I  bo  simitar  to  Figure  4-4A 
T"h#  amplitude  thpll  bo  4.0  <0.2  Vp-p 
Of  of  foot  Shell  bo  so  more  then  0.5V 
*• .  5  -  *  3  5  Connoct  oscilloscope  channel  •  to  function  9onorotor  output 
*4  jst  oscilloscope  to  display  on*  cyclo  of  neoltored  slpnel  at  J3. 

Verify  that  both  waveforms  displayed  by  oscilloscope  chonnol*  A  a vt  t 
oro  Stable 

•*.5-3.3  6  Connoct  oscilloscope  chonnol  A  to  J4 

Tho  wevefom  displayed  »holl  bo  Similar  to  flour*  4-4 0,  Sync  o rro'  romp 
t I mes  should  bo  epproalmotely  oouol. 

•*.5.3.3./  Connoct  oscilloscope  chonnol  A  to  J$. 

Tho  displayed  pulse  trol«,  (too  figure  4-4*)  sholl  h*ve  tho  following 
character  1st  let. 

Frequency  120  M» 

Width-  2.2  *1.5  msec 

Amplitude  U  Vp-p 

4 .  5  ■  • . 4  Inter  loco  Orluo 

•*. 5. *  .•*.  1  Connect  Chonnol  •  of  the  oscilloscope  to  J4. 

The  scon  position  signal  displayed  should  bo  simitar  to  F| jure  U-UA  The 
ov  ago  amplitude  should  bo  0.H  <0.04  Vp-p. 

4.  1.4.2  Connoct  Channel  A  of  the  oscilloscope  to  J3 . 

Th*  trap  oroide!  wevefo  rm  (Interlace  position)  displayed  on  'vhennel  A  and 
the  triangular  wevefom  on  Channel  •  should  bo  similar  to  and  novo  a  phase 
relationship  as  shewn  In  Figure  4-4A. 
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II  RATIO 


h.S.I.b.J  Sat  the  COUPMTOM  MOUNT  INC  twitch  on  the  left  tat  to  (Ida 

pot  1 1 1  on , 

The  »l»»foni  dltp’erod  on  otc I* lotcopo  Channel  A  t K« I  I  thlft  ISO*  Iran 
that  obtenred  In  pereareph  k.J.I.k.l.  Im  Flyura  b-M*  . 

h. S.I.b.b  hot  It  Ion  tho  tott  tot  INTCALACC  twitch  to  1:1 

Tho  f raquency  of  tho  dltpleved  waveform  on  Che-vtel  A  tholl  bo  reduced  to 
on«  half  that  of  paragraph  b.S.I.b.J.  Sao  Flyura  b-4C» 

«*.S.1.**.S  Aeturn  INTERLACE  twitch  to  2:1  and  COUINATOA  N0UNT»NG  twitch  to 
REAR;  SCAM  RATE  to  oft . 

t.S.l.t.i  Oepratt  SCAN  OISARLE  and  tat  SCAM  AATC  to  b©-*0  H*. 

Scannor  thall  not  ttart.  Rolette  SCAM  DISABLE 
Scannar  thall  not  ttart. 

•*.5.1  -**.7  Sot  SCAM  MTI  to  Off  for  appronlaetety  J  tecondt,  than  ratyrn 
to  M) -CO  H*. 

5cann*r  t^oll  ttart. 
b.S.2  MECHANICAL  ALIGNMENT 

Tho  Scan  and  Intarlaca  Modulo  requires  no  mechanical  al I qnmant  upon 
I  retaliation  In  a  tytfem  othor  than  to  provide  for  accatt  to  tho  tan  edjutt- 
mpnt  pot ant  Iona tart. 
b.5.J  ADJUSTMENT  IN  THE  SYSTEM 

Scan  and  Intarlaca  Modulo  adjuttnantt  within  tho  tytton  will  contltt 
of  refininy  tho  potent lemeter  tattlnys  to  conpentata  for  minor  Sytta*-  and 
Scannar  modulo  charactar I tt I ct  verletloni  normally  oncountarad  durlnf  f a- 
br  cation.  With  tha  tyttam  ope ret  I ny,  porform  the  fotlGwIny. 

•*.5.3.1  Contact  a«  otcl  I  lotcopo  to  Adjutt  AJI  for  a  pulte  width  of  2.S 

i. 2S  -aac. 

b.S.J.a  Connect  th#  otcl I lotcopo  to  J2-IJ.  Adiutt  •$•  to  tat  tho  tyuera 
wave  amplitude  to  2.0  *0.2  Yp-p. 

•MJ* 


6.S.3.2  Connect  O*  cl  IlMCOH  Channel  A  to  J1-10  and  Channel  •  to  J1-12. 

A4jw«t  *165  for  •  2.1  "•«  do  toy  front  no# atlve  folnq  edye  on  Channel  A  to 
positive  fOlrtf  edqe  on  Chonnol  ■  Adjust  *166  for  on  epprontaMt*  square 
wove  ot  JI-12. 

^-S -3.3  Connect  oscilloscope  Chonnol  A  to  J6.  Adjust  W6  and  ft$t  to  provide 
O'  output  waveform  o*  Shown  In  Flqur#  6-6®. 

6. 5. 3. 6  Connect  oscilloscope  Chonnol  A  to  J4;  verify  wovefom  to  bo  0. §6 
*.06  Vp-p. 

6. 5. 3. 5  Connect  oscilloscope  Chonnol  •  to  J1-®.  Adjust  *151  for  o  slpnel 
level  of  eppronlnetoly  2  volt*  p-p. 

6. 5. 3.6  Connect  o*cltlo*cope  to  J1-13.  Adjust  *109  for  on  output  of  0.5 
*.05  volt*  p-p. 

b.5.3.?  Connect  the  o*cl  Ho* cope  to  Jf.  Adjust  *112  end  *151  for  0 
waveform  o«  shewn  In  Flqur*  k*$A. 

6.5. 3. I  Connect  oocllloocope  Chonnol  A  to  J1 -5  end  chonnol  §  to  JI-7. 

Adjust  *115  to  provide  equal  amplitudes  of  the  dl*pleyod  slynol*.  See  Flqure  6-5*. 
6. 5. 3. 9  Connect  0  dlqltal  voltmeter  to  J-7.  Adjust  *16  for  1.9  *.1Vdc. 

6.6  SPECIAL  nAIWTCWAWCC 

The  Scon  end  Interlace  fodule  requi re*  no  special  maintenance  attention 
beyond  the  routine  procedure*  followed  for  general  electronic  equipment. 

60  time  chonqe  component*  or#  contained  In  thl*  module. 


**.5.). 2  Connect  oscilloscope  Channel  A  to  J1-I0  end  Channel  •  to  JI-12. 

Adjust  *1 45  for  e  2.1  wee  delev  from  negative  90 1 ng  ado*  on  Channel  A  to 
potltlve  90 I nq  edge  on  Channel  I.  Adjust  *148  for  en  approximate  square 
w»t  at  JI-12. 

•*.5.3.3  Connect  oscilloscope  Channel  A  to  J<* .  Adjust  AW  and  *58  to  provide 
^output  waveform  as  shown  In  Figure  4-40. 

4.5. J.4  Connect  a*  cl 1 1 os cope  Channel  A  to  J5;  verify  waveform  to  be  0.84 
i.05  Vp-p. 

4. 5. J. 5  Connect  oscilloscope  Channel  •  to  Jt-8.  Adjust  Mist  for  a  signal 
lavel  of  approximately  2  volts  p-p. 

4. 5. 3. 5  Connect  oscilloscope  to  J I -1 3 .  Adjust  *109  for  an  output  of  0.5 
!.05  volts  p-p. 

4. 5. 3. 7  Connect  the  oscilloscope  ?c  J0.  Adjust  *112  end  *151  for  a 
waveform  as  shown  In  F I  guru  4 -5 A  . 

4. 5. 3.8  Co  .nee t  oscilloscope  Chennai  A  to  41 -5  and  channel  •  to  JI-7. 

Adjust  *115  to  provide  equal  amplitudes  of  the  displayed  signals.  See  Figure  4-5*. 

4. 5. 3. 9  Connect  a  digital  voltmeter  to  J-7.  Adjust  *15  for  1.9  s.1Vdc. 

4.5  satiiuttiaaMMi 

The  Scan  and  Interlace  fSdule  requl res  no  special  maintenance  attention 
beyond  the  routine  procedures  followed  for  general  electronic  equipment. 

*0  time  change  components  are  contained  In  this  module. 
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INTCMLACC  SOLONO'O  CUftftCNT 


Flfur*  <»-5  Ihttrlir*  Drlv#  w*v*form 


chaste*  ^ 

COUIMATOA,  VISUAL.  IMFAAACO 
US ACCOM  SM-0-77JJ97 


SECTION 


r 

u 


CCNCMAl  »€SCKimON 


».»  tWTEOOUCnON 

The  Collimator,  Visual,  Infrarad  module  hereinafter  celled  the 
visible  collimator  consists  of  optical  elements  which  collimate  the 
visible  light  output  Irtr  the  light  emitting  diode  (LEO )  array  and 
direct  the  collimated  light  onto  the  bach  side  of  the  scan  mirror  of  the 
hechanleal  I*  Scanner  module. 

1.2  IWUUPEP  use  or  inn 

The  Visible  Collimator  module  has  been  designed  to  be  Interfaced 
with  other  major  common  nr  special  modules  to  form  a  fo-werd  Looking  Infrared 
(ELIO)  or  Thermal  Imaging  System.  The  Visible  Co'Hnetor  Is  optically 
Interfaced  between  the  hechanleal  Ik  Scanner  and  LCD  Array  modules.  The 
function  of  the  Visible  Collimator  Is  to  receive  the  visible  light  emitted 
by  the  diode  elements  of  the  ICO  array,  turn  the  light  90°,  and  direct  the 
collimated  visible  light  onto  the  bach  side  of  the  scan  mirror. 


».3 


The  technical  specifications  of  the 
as  foil ows 

Para— ter 

Effective  focal  Length  (EFL) 

f/Nwbtr 

flange  Focal  Distance  (FD) 

(a)  With  LCD  field  flettener 
properly  positioned  In 

path 

(b)  Nominal  In  air  w/o  flettener 
Field  of  View  (FOV) 

Noduletlon  Transfer  Function  (HTF) 
Linear  Distortion 
Relative  II I  ten  (nation 
Stray  Llfht  Veiling  Clare 
Optical  Transnl ttance 

Dev  I  at  Ion 


Visible  Colllaietor  nodule  are 


C7.t*0.7  ml  1 1  nvters  'measured  In 
red  light  In  'ange  O *  bJOC  to 
6900  Angstrom  units) 

Faster  than  f/2.2 

11.91  *  0.25  millimeters 

11.21  mill Imeters 

Fills  circular  format  diameter 
of  20  mill Imeters 

See  Figure  1-1 

between  kX  pincushion  and  kX  barrel 
>  WX  at  edge  of  field 
<  S% 

>§5X  In  the  bJOO  to  5900  Angstrom 
region 

90“  t  0.5*  (degrees) 


won 

For  Interface  Information  atd 
as  mechanical  eonf I gurat Ion , 
outline  dimensions  and  mounting 
Information,  refer  to  Section  III. 
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SECTION  II 


FUNCTIONAL  HSCRINTION 

*•’  WW± 

In  order  for  the  visible  light  Image  form od  by  the  LED  array  to  be 
transmitted  by  the  reverse  side  of  the  tcwwinf  olrror  without  distortion. 

It  Is  necessary  that  tho  I  mono  be  collimated.  Tho  Visible  Collimator  operate* 
at  tho  wEO  vls.ble  wave  009th  and  eseo  a  turning  wl rror  to  turn  tho  1*090 
90  and  collimate  It  onto  tho  scan  wlrrxr.  The  Ions  systam  has  a  flaod 
fxus . 

As  tho  collimated  light  _  *wrqy  loaves  the  Visible  Collimator  and  enters 
tho  Noehanlcal  I*  Scanner  modulo.  It  passes  throufh  tho  phase  shift  Ions 
no  1 1 1  f  I  or  and  p?.**e  shift  Ians  This  Ions  pair  hot  equal  and  opposite 
powers  so  Its  effact  Is  essentially  that  of  a  flat  plate  and  tho  LEO  light 
s  essentially  parallel  aqaln  as  It  strikes  tho  scan  mirror. 

2.2  ydCtmr  Of  OPERATION 

Tho  visual  collimator  collects  llqht  from  the  LEB  array  and  collimates 
It  for  tho  visual  scan  Collimated  llqht  Is  preferable  for  scennlnq  rather 
than  convergent  or  divergent  llqht,  since  tho  focal  shifts  In  tho  'mage  plane  are 
minimi  tod.  The  charactorst les  of  tha  ions  which  must  bo  considered  from 
a  systems  standpoint  are  the  same  as  those  enumerated  for  the  I*  Imeqer;  la, 
focal  length,  clear  sperture,  distortion,  transmission  and  field  of  view,  and 
resolution  or  HTF,  Uhen  operating  In  the  Infrared  In  the  ti-12  micron  band, 

It  was  pointed  out  In  the  numerical  anample  given  In  Section  I,  that  diffraction 
limited  performance  would  be  achieved.  Since  the  diffraction  limit  Is  a 
measure  of  angular  resolution  directly  proportioned  to  wavelength,  a 
comparison  of  the  diffraction  limit  foi  the  visible  1*  Is 

1 .  -M  »| crons  »  Thus  a  diffraction  limited  spot  site  for 

/  1 A  TO  microns 

*270- 


w  *#-  •» 


i 


the  visible  I*  appro*  nately  nf  the  diffraction  Molted  spot  site  for  the 

I*.  Sine*  the  scene  resolution  I*  Molted  by  the  Infrared  scanner  portion 
of  the  sys too,  the  hTF  requ I r eoen t s  for  the  visual  collimator  ere  not 
e«eesslve.  for  example,  the  I*  loeqer  h  T  F  cutoff  It  appro* fmetely  55 
line  pairs  per  millimeter  et  f/1.8,  sdileh  Is  not  e  hlqh  visible  Mfht 
diffraction  Molt.  Mcvever,  In  toe  overall  system  MTF  whteh  Is  a  function  of 
oany  system  parameters ,  care  should  be  tefcen  In  scecl  ylnq  the  visual 
collimator  that  It  does  not  Molt  the  overall  error  bud?et . 


SECTION  Ml 


INTfftFACE 

J.«  mBflStfMT|gl 

flfure  )-1  thotrt  the  pertinent  outline  end  mounting  data  for  use 
of  the  des I qner  In  Incorporetlnq  this  module  In  a  system  layout.  Note 
that  the  dimensions  end  tolerances  reflect  the  actual  dr»*lnq  data  which 
In  same  cases  differ  from  or  supplement  the  data  In  the  12  spec  I f Icat Ion, 
flpira  J-2  Is  a  photograph  of  the  module. 

3.2  igMtgiHKIUB 

The  Visible  Collimator  normally  Interfaces  with  the  Mechanical  I* 

Scanner  and  the  Lfqht  Emitting  Diode  (LED)  Array.  It  can  be  operated  In  any 
attitude,  but  must  be  oriented  relative  to  the  metlnq  modules  so  as  to 
provide  the  required  output  Imeqe  orientation.  Anqoler  scales  are  provided 
adjacent  to  both  mounting  feces  to  eld  In  Installing  modules  In  the  desired 
pos I t I ons . 

Servo  type  clamps  are  used  to  secure  the  Visible  Collimator  to  the  Scanner 
and  to  the  LED  array.  However,  because  of  the  relatively  wash  structure  of 
the  Scanner,  the  Collimator  end  LID  array  should  have  additional  support  so 
that  their  welqhts  do  not  distort  the  Scanner  structure.  Ivan  e  small 
distortion  of  the  Scanner  con  seriously  effect  Its  scan  rata 

A  special  adapter-spacer  may  be  needed  between  the  Visible  Collimator  end 
the  Scanner  Without  such  an  adept or -spacer ,  the  end  of  the  collimator  may 
eat end  a  monimum  of  .bll  Inch  Into  the  Scanner,  measured  from  the  outside 
turf ace  If  *ho  Collimator  Is  mounted  on  the  side  of  the  * tenner,  there  mpy 
be  Interference  with  the  scon  mirror.  If  the  Collimator  Is  mounted  at 
the  rear  of  the  Scanner,  there  may  be  Interference  with  the  photo  shift  lens  or 
the  rlnq  mount  I nq  It  In  the  qlmbel  (If  such  a  lens  Is  required  In  the  systom) , 


vi*l»l«  Ul 


The  Visible  Collimator,  belny  an  optical  module,  doe*  not  contribute 
to  the  system  thermal  heat  dissipation  problem.  However,  the  nodule  must  be 


taken  Into  account  In  the  system  thermal  deslyn.  Temperatures  yene rated 
by  adjacent  modules  heetlny  the  optical  elements  can  offset  the  Inde* 
of  refraction  of  the  lens  elaaents.  The  possible  effects  of  tanpreture 
on  the  oetlcel  elements  ere  described  In  the  detailed  discussion  of  'he 
system  thermal  deslyn  considerations  provided  In  Section  III  of  Chapter  I, 

3.*  cm  iwnagflK  mil 

f I  sure  )-)  Is  an  optical  layout  of  the  visible  coll'netor  end  Table  J-1 
fives  the  prescription  for  the  optical  deslyn.  The  layout  he*  been  unfolded 
around  the  turnlny  mirror.  Altheuyh  the  clear  aperture  of  the  first  element 
Is  1.59  Inches,  the  specified  resolution  Is  obtained  uslny  e  1.21)  Inch 
diameter  bundle.  It  should  be  noted  that  the  prescription  and  layout  ere 
based  on  t  stop  pieced  so  far  forward  as  to  cause  e  sllyht  vlynett'ny  at  the 
ends  of  the  LIS  array.  This  Is  shown  by  the  values  of  the  alee'  apertures 
ylven.  The  actual  CA  of  the  first  surface  of  element  )  Is  1.59  Inches, 
vs.  I .40  Inches  In  the  table.  A  FUR  wilt  usually  be  des'yned  with  visible 
optical  elements  In  addition  to  e  scanner  end  visible  collimator.  The  pc* 1 1 ten 
end  site  of  the  step  will  be  determined  by  the  site,  number  end  position  ef 
these  additional  elements.  The  optimum  performance  of  the  system  will  be  <*b- 
tel  nod  by  trodlnv  off  the  step  parameters  eye  Inst  the  amount  ef  vlyuettfny  the 
deslyner  Is  wllllny  to  allow. 

The  deslyn  has  been  Included  sc  that  It  may  be  Incorporated  Into  the 
deslyn  of  any  system  unlyue  optics  such  as  eyepieces  or  relay  lenses,  but  It  may 
be  useful  first  to  consider  any  problems  or  restrictions  Involved  In  uslny  the 
visual  collimator  alone  (with  the  U»  A  scanner  modules)  te  produce  e  visual 
display. 

One  dr m**ck  te  this  cenf lyuret Ion  I*  that  the  system  meynl f tcetlon  Is 
limited  to  the  meynl fleet  I  on  of  the  Infrared  efocel  (If  any)  which  Is  likely 
to  be  less  then  that  considered  acceptable  for  military  systems.  Another 


dra wbaek  It  that  the  essential  resolution  element  tit*  ft  about  twice  what  the 
•y*  can  resolve  under  lab  t*tt  condition.  Under  the  It  rat  t  of  battlefield 
conditions,  the  display  should  ba  presented  laryer  to  neh*  It  aatlar  for  the 
operator  to  yet her  th«  Information  In  It. 

Th*  diopter  correction  It  hard  to  provide  undar  that*  condition!.  It 
would  have  to  b*  don*  by  movlny  tha  LID  array  with  rat pact  to  tha  visible 
collimator  cautlny  tha  tc an  mirror  to  lean  non-paral 1*1  llyht  and  cautlny 
machanlcal  Intarfaronca  for  neyatlv*  diopter  tattlnyt. 

flyura  Indlcatat  another  problem  with  direct  vlcwlny,  th*  lean 
modul*  It  thown  with  a  1,5$  Inch  bundle  Ctrl ny  Into  th*  lean  module.  Tha 
potltlon  In  which  th*  aya  mutt  ba  placad  In  «,rd*r  to  have  a  tan-«l 1 1 1 mater 
ey*  rlny  It  wall  within  nota*b«m+lny  dlttanc*  of  tha  lean  modulo,  and 
thlt  It  th*  most  open  conf lyurat Ion  pottfbl*. 

In  tyttamt  which  ut*  an  eyepiece,  vldlcon  or  I3  tuba,  aunftlary  tyttam  unlyua 
opt  let  mutt  ba  added.  In  tome  catat,  th*  phat*  shift  lent  can  b*  Incorporated 
Into  thlt  d*ti«n,  thus  tarvlny  two  purpot*t  -  eorrpctlny  tha  phata  thlft 
cautad  by  th*  channel  a l*et ronlcs  and  fecutlny  th*  output  of  th*  vltual 
col  1 1  mat  I ny  modul*  wh*r*  It  can  b*  collected  by  an  I may*  tub*  or  anamfned 
by  an  eyepiece.  Th*  p*ab«to*p*«b  motion  of  thlt  that*  thlft  lent  It  about  .002 
Inch  nan  In***. 

On*  hat  tow  freedom  In  chaos  I ny  the  phat*  thlft  lent  parameter!  In  order 
to  fulfill  both  ph***  theft  and  vltlbl*  col  I Imator  interfaclny  functions.  Tha 
powar  In  thlt  '  *nt  can  probably  vOry  by  *10  percent  without  defny  tar  lout 
damay*  to  th*  tyttam  fTf  -  tha  power  for  thlt  lent  It  c hot an  as  a  median  value 
for  a  wide  dispersion  of  Individual  channel  caused  phat*  thlft  displacements 
The  'ant  power  It  a  compromise  for  all  channel!  and  all  freyuenclet.  On*  It 
alto  allowed  to  place  the  Ians  at  different  position!  In  tha  Interlace  ylmbal, 
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yielding  at  Imt  a  * 2  p«rt«nt  chanya  In  effect  fwa  the  middle  pot  It  Ion 
of  the  radio*  arm, 

finally,  one  It  froa  to  cHoota  tha  power  of  tha  phase  thlft  lent  alther 
pot  1 1  ve  or  negative  In  order  to  produce  a  liven  displacement  Thle  ratultt 
'rw  tha  fact  that  tha  y  label  petition  dee*  not  mendata  which  way  tha  teen 
mirror  mutt  travel.  Tha  mirror  can  tc an  tha  top  line  of  tha  ratter  either  left* 
to~riqht  or  rlyht-te-left,  depend  I ny  on  which  way  a  pair  of  wire*  are  hooked  up. 

fhata  thlft  lent  power*  renye  from  about  five  Inc he*  for  a  na> Imum- 
a< Imuthcl  tcan  at  40  comp  lata  frame*  per  tecond,  to  perhapt  at  much  e'  75  Inches 
for  a  five  decree  horltontal  field  t canned  at  Z0  complete  frame*  per  tecond, 
for  example.  *n  the  latter  cate  the  phate  thlft  lent  nay  Jut t  at  well  4a 
dltpented  wltk.  dote  that  a  feed  decent ar I ny  tolerance  for  a  five-inch  focal 
lenyth  on  the  order  of  .001,  «d«leh  thowt  that  we  nood  not  expect  the  phase  thlft 
mot  Ion  to  degrade  tha  Imeylny. 

The  focut  characterltt let  of  the  vlauel  collimator  do  not  ehenya  appreciably 
with  temperature.  Thlt  It  Importent,  becaute  In  a  tyttem  built  with  cowjn 
module*  there  era  theoretical ly  at  many  at  four  different  optical  caute*  of 
dafocutlny  -  afocal  thermal  thlft*  and  renye  focut  mltadjuttment,  IK  Imayar 
"athefmal Itat lorf '  de focut,  vltlbla  optic*  link  de focut ,  and  eyepiece  diopter 
mltadjuttment.  An  operator  confronted  with  a  fuity  picture  would  net  Anew  tdtlch 
one  to  edjutt  In  order  to  clear  It  up.  The  vltual  optic*  link,  once  ad jut  ted, 
should  remain  In  focut.  Other  remed  I  at  Include  ethemell  ration  of  the  Infrared 
afocal,  provldlny  a  f Inad-d loptar  dltplay,  and  utlny  a  temperature  tervo- 
controlled  atharmal liat Ion  focut  on  the  IK  Imayar. 

In  thlt  connection.  It  It  recommended  that  Initial  tat -up  focut  for  tha  vltual 
optic*  be  provided  for  In  tha  tyttem  uni  owe  opt  let  and  not  by  tueh  moeauret  as 
thlmmlny  tha  LCD  module  -  vltlbla  collimator  Interface. 


SECTION  IV 


L 

4  * 

ALIGNMENT /MAINTENANCE 

*0  tENEAAt 

Thl*  section  provides  Information  on  the  alignment  and  maintenance 
requirements  to  be  considered  In  the  use  and  application  of  the  Visual 
Collimator  Module.  Presented  herein  are  the  test  equipment  requl raments , 
alignment  techniques,  and  maintenance  Information 
b.2  ALIGNMENT 

The  assembly  of  the  turning  mirror  to  the  visual  collimator  assembly 
is  the  means  of  controlling  both  the  angle  of  deviation  and  the  centering 
of  the  output  relative  to  the  Input.  In  order  to  accomplish  this  during 
assembly  It  must  be  possible  for  the  Input  to  be  controlled  and  the  output 
to  be  observed.  The  effect  of  adjustment  of  the  turning  mirror  can  then  be 
Irvued lately  noted  and  fed  back  so  as  to  assure  proper  positioning  before  the 
silicone  rubber  sets.  The  same  Inst rumentat Ion  without  need  for  the  mirror 
clamping  fixture,  should  be  used  to  test  a  completed  module  for  proper 
deviation  and  centering. 

An  advantage  of  the  following  method  of  alignment  Is  that  without 
shifting  his  head,  the  operator  may  see  all  the  data  required  for  the  proper 
alignment  of  the  visual  collimator.  The  turning  mirror  translation  and  tilt 
degrees  of  freedom  are  likely  to  be  somewhat  Interactive  In  their  effects, 
so  that  repeated  adjustments  wl 1 1  be  necessary.  A  combined  readout  of  centering 
tnd  deviation  such  as  this  will  minimise  adjustment  steps  end  reduce  operator 
'  tlgue. 
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4.2 . 1  MUMMY  DESCRIPTION!  Of  flXTURES  AM)  ACT  MOO 

There  ere  three  main  assemblies  In  the  visible  collimator  test  station. 
Figure  4-1  shows  a  schematic  representet Ion  of  these  assemblies  consisting  of 
a  source  assembly,  a  visible  collimator  end  turning  mirror  clamping  fixture, 
end  a  readout  assembly. 


4.2.1 .1 


Since  silicone  rubber  will  take  24  hours  to  set  securely,  the  mirror  ad* 
i us t men t  fixture  must  also  serve  as  a  clamp  for  this  time  period.  In  a  pro¬ 
duction  environment  several  nodules  per  day  will  have  to  be  assembled,  so 
that  the  clomping  fixture  should  be  separable  f rt»-  the  rest  of  the  Instrument¬ 
ation.  Then  multiple  clamping  fixtures  may  be  cycled  th-ough  the  set-up.  High 
precision  parts  are  held  to  a  minimum  on  the  damping  fixture.  The  precisian 


parts  are  In  the  source  assembly  and  the  microscope  assembly. 


4. 2. 1.2 


The  source  assembly  consists  of  an  ICO  or  soma  other  source  of  O.M  micro¬ 
meter  radiation,  condenslnf  optics,  a  ring  reticle  placed  approx Inetely  six 
Inches  from  the  flange  of  the  collimator,  a  crosshair  reticle  placed  at  the 
focal  plane  of  the  visible  colllmatur  (slightly  displaced  from  the  Specified 
value  of  bach  focus  due  to  the  absence  of  the  LEO  field  flettenee)  and  a 
collar  which  when  placed  on  the  pilot  at  the  rear  flange  of  the  collimator 
positions  the  reticles  on  a  line  »dtlch  Is  normal  to  the  flat  of  the  flange  and 
centered  with  respect  to  the  pilot.  The  reticles  are  adjustable  for  focus 
If  necessary. 


The  readout  assembly  consists  of  two  subessonb 1 I es ,  the  microscope-base 
plate  subassembly  and  the  graticule  unit.  The  graticule  unit  Is  attached  to 
the  front  pilot  of  the  visual  collimator  and  the  microscope  allows  the  operator 
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to  via*  the  position  of  tho  ls«fM  formed  on  tin  graticule.  Tho  microscope 
need  not  hpvo  a  crosshair. 

*».2. 1  .b  Srat.culs  Unit 

Tho  graticule  unit  la  showr  In  Figure  ‘•-2 .  It  has  two  functions.  One 
Is  to  place  the  eretlcula  In  the  proper  position  to  demonstrate  the  centering 
and  normality  of  the  emerging  bundles  of  rays.  The  other  is  to  adjust  the 
focus  of  the  emergent  bundle  from  each  reticle  to  that  they  are  perfocei 
and  focused  on  the  graticule. 

The  tmego  of  the  ring  reticle  is  at  a  short  finite  distance  outside  the 
front  element  of  the  visible  collimator.  This  regulres  no  additional  power 
to  bring  It  to  a  focus  on  the  graticule. 

The  crosshair  object  reticle  is  collimated  by  the  visible  collimator  so 
that  an  additional  lens  Is  required  to  bring  this  image  to  focus.  Ir.  order 
to  provide  two  different  paths  for  the  two  images,  a  beamsplitter  Is  used 
to  deflect  the  col  Halted  bundle  out  of  the  axial  direction.  A  lens  In  the 
graticu*£  unit  brings  the  image  of  the  crosshair  abject  to  a  focus  on  the 
graticule  via  another  bounce  off  the  beamsplitter. 

The  Image  of  the  crosshair  will  demonstrate  the  degree  of  centering  of 
the  output  ray.  The  image  of  the  ring  reticle  demonstrates  how  well  the 
visible  collimator  meets  the  90-degree  dev  fat1 on  spec.  If  the  graticule  Is 
direct  reading  in  thousandths  of  an  Inch,  the  degree  of  centering  can  be 
directly  read  by  the  operator  through  the  microscope.  Errors  in  deviation  wi I 
be  shown  by  reading  the  ring  position  In  >  (  y  coordinates,  finding  the 
resultant,  and  then  dividing  by  the  effective  image  distance  (tdtlch  can  be 
sc'culeted  once  for  the  set-up  and  uaod  for  every  nodule  tested). 

When  the  setup  is  tbod  for  alignment,  both  tha  ring  and  the  crosshair 
imsges  are  set  at  >ero  (the  Intersection  of  the  graticule  axes). 
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4.2.’  POSSIBLE  COMf ICIMATIOM  FOB  TEST  STATION 

One  possible  amPod  latent  of  theta  minBIIm  It  shown  In  Flyura  U-J  Thlt 
sat-op  depends  upon  reducing  the  weight  and  size  of  tha  damping  fixture  to 
that  It  can  be  attached  to  tha  visible  collimator,  rathar  than  tha  collimator  be- 
Iny  attachad  to  tha  c lamping  fixture. 

Tha  advantage  9a mad  It  tha  allminatlon  of  procltlon  machinery  needed  to 
pot • t Ion  ha  visible  collimator  and  a  matt  va  damping  flxtura  to  tha  aourca 
att amply  In  ordar  that  tha  raar  pilot  It  taatad  without  ttraln.  If  tha 
ciamplny  flxtura  rldat  along  with  tha  visual  collimator,  only  lowar  pracltlon 
uical  ibrated  tattcrawt  ara  naadod,  thota  for  tha  tumlny  mirror  pot  1 1  Ion 
adjustment.  Thlt  alto  mlnlmlzat  tha  amount  of  notarial  and  work  to  ha  'apeated 
for  myltlpla  dampiny  fix  tor  at. 

A  lanyard  and  cuthlon  ara  utad  to  control  tha  location  of  tha  separate 
yratlcula  unit  wh«i  It  It  not  attachad  to  a  visible  collimator, 

Slnca  tha  visual  colllmatlny  modu la  and  tha  IB  Imagine  r  aula  ara 
similar  In  flald  of  view,  tlza,  and  conf lyuratl an.  It  It  possible  to  construct 
a  common  sourca  assembly.  Thlt  It  Indlcatad  In  Fly.  4- J .  Using  zinc  tulflda 
for  rat lc lot  and  condantar  and  an  Incandatcant  sourca  would  allow  concurs  I  on 
by  simply  rap  lac  I ny  tha  f 1 1  tar  and  an  adapt  I va  flanya  for  mou>  ring  tha  modu I a. 

4.3 

4.3.1  GENERAL  MAINTENANCE 

Tha  malntananca  function  required  for  tha  Visible  Collimator  modulo  ara 
i  ^action  for  machanlcal  damage  and  clearing  both  mat  a  I  and  lens  surfaces  whan 
naadod.  Whan  both  metal  and  lent  surfaces  require  cleaning,  tha  metal  surfaces 


sn^jld  be  cleaned  first. 


COkkAA  roil  ACC  0*  A  T( 
OftlfNVATION  Of  MATtCULK 
UNIT  TO  VltlftLK  COLL  MATO* 


4.3.2  INSPECTION 


I 


The  purpose  or  tho  Inspect  to n  I*  to  Petenalne  If  tho  Visible  Collimator 
meet*  accept  able  mechanical  >t»il  runti  to  fora  use.  Tho  Inspection  coot  1st. 
of  tho  following  steps 

4.3.2. I  Chock  tho  metal  housiny  for  ancetslve  Pent*  or  mo rp  which  mlyht 
of  foe t  loo*  petition. 


4. 3. 2. 2  Chock  (onto*  of  tho  system  for  chips,  crocks  or  oocosslvo  scratches 


on  tho  Ions  coetlnye. 

4. 3. 2. 3  Chock  mirror  for  siyns  of  crocks,  chip  or  scratches. 

4. 3. 2. 4  Chock  for  mlsslny  screw*. 

*•.3.2.5  Chock  oil  surface*  for  cloonllnots.  Clean  If  reywlrep  os  PetcrlbeP  In 


tho  followlny  po  oyropii*. 

CAOTiqi 

Oo  not  4*  too  a oyer  to  clean  I on* at  If 
they  appear  to  have  a  little  Putt  on  than 
It  will  taka  ywlte  a  hit  of  Putt  to  block 
off  as  ouch  a*  I  percent  of  the  throwyhput. 
•afore  transmission  tost*  anP  whan  moPules 
are  tstoPloP  In  to  a  system  for  Pellvery  are 
the  only  1 1 mat  the  I  ansa*  really  owyht  to  he 
cleeneP 

4.3.3  CliANIM  XKKEBIAfS 


The  fell*«lny  cleanlny  material*  or  equivalent*  are  reaulrop  for  c leant ny 


the  metal  anP  optical  surfaces  of  tho 


lens  Cleaners 
Ethyl  Alcohol 

Lars  Cleanlny  FlalP 
sen*  Tissue 
Camel's  Heir  truth 
Unt-f rea  Cloth 


le. 

FSN  or  FU  on 


Fl»  Spec.  0-1 -?40b 
CraPe  I,  Class  A  or  • 
FSN  4410-201-0904 
FSH  4440-507-4745 
FSN  7920-205-0545 
FSN  1345-170-5040 


4.3  3.2 


CAtfTIQb 

i Jta  Ians  tlttua  whan  claanlnf  I  am  of  nlrror 
lurfictt.  40  MOT  uta  a  cloth  which  nlfht 
•cratch  tha  Ion*  or  mirror  turf  tea 

4. 3. 3. 2. 1  Maow  all  laaia  dirt,  dutt  and  foraipn  not tar  from  tha  Ion* 
or  mlrro'  turfaca  with  a  claan  canal's  half  brush. 

4. 3. 3. 2. 2  Fold  Ian*  tlttua  to  form  a  >Moh.  Avoid  touching  tha  swab 
claanlnf  turfaca  with  tha  flnpart. 

4. 3. 3. 2. 3  Squoata  a  faw  drop*  of  lon»  claanlnf  fluid  or  alcohol  onto  tha 
optical  turfaca. 

4. 3. 3. 2. 4  Cantly  wlpa  tha  optical  alanant  turfaca  caratully  with  tha  I  ant 
tlttua  twah  prafarably  In  a  Circular  notion  and  with  vary  llfht  prattura 
•tartlnf  f ran  tha  cantor  of  tha  turfaca  and  wort  Inf  t awards  tha  outar  ad pa 

4.3.3.2.5  Allow  to  dry  or  wlpa  away  oncost  claanlnf  fluid  with  a  tacond 


4.3. 3. 3 


4. 3. 3. 3.1  Kanova  all  looaa  dirt,  dutt  and  feralfn  nattar  f ran  tha  aapotad 
turfacat  with  a  fantla  blast  of  claan  noltturo  fraa  conprastod  air  <2S  Iht  na«) 
or  with  a  canal's  hair  bruoh. 

4. 3. 3. 3. 2  Wlpa  all  an pot  ad  turfacat  with  a  claan,  llnt-fraa  cloth. 

4  3> 3. 3. 3  * an ova  stubborn  or  9 round  In  dirt  with  a  cloth  danpanad  with  claan 

frath  watar  or  a  nl Id  solution  of  datarpant  and  watar. 

4  3.3.4  try  tha  turfacat  thorowyhly  with  a  claan  lint -fraa  cloth. 


It*. 
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SECTION  ! 


GENE  Ml  OCSCAiniON 


INTNOOUCTION 

The  Infrared  Oat  I  cal  laifcr  ca—ori  aotfult,  hereinafter  celled  tha  It 
iMayar,  focuses  tha  IN  radiation  eneryy  from  tha  scan  alrror  of  tha  «ech- 
anlcal  Sum* r  aodule  onto  tha  IK  4a factor  array  of  tha  Do tec tor /Dewar  aodule 
A  po»  1 1  Ion  9a  ar  rlnp  pa  ml  t»  tha  I  waging  Ian*  to  ha  repositioned  or  focused  hy 
an  external  drive  assembly  to  ensure  aa-laaai  Iaa9a  dafinitlon. 

i.i  LTLttig  Vil  gf  i.!i» 

Tha  IN  I neper  has  boon  dot ■ 9nad  to  ha  Intarfacad  with  othor  aajor  caa ■ 
aan  and  tpaclal  aodulat  to  fora  an  Inta9ratad  forward  Looking  Infrarad  (fllN) 
or  Tharaa I  Inaq i np  System  Tha  IN  Inoper  It  optically  Intarfacad  hatwoon 
tha  mechanical  scannar  and  tha  dotactor/dowar  aodulat.  Tha  function  of  tha  IN 
I a# 90  r  It  to  receive  tha  para  I  la  I  boon  IN  radiation  bund  la  froa  tha  scan 
alrror,  turn  tha  bundle  90*,  and  direct  tha  eneryy  onto  tha  elements  of  tha 
detector  array. 


I.J  TICHUtCAl  SNECIflC^TIOWS 

The  technical  sped  fleet  lent  of  tha  IN  tamper  nodule  era  at  follwrt 


NpriWUor 

Effective  focal  lonfth  (EH.) 
f /Number 


f lanfa  focal  Distance  <f0) 


;lf  Icatli 
67.1  *0.7  all  I  law tort 


fatter  than  f/l.l  with  external 
stop  40  tm  In  front  of  lontat 


17. M  iO. IS  al 1 1 I mater*  (aootured 
thru  detector  window  to  focal  island 


focus  Nanpa  Adjustable  20  aatart  to  infinity  (Oil 

(with  variation  In  fD  of  *0.5  an' 

field  of  View  (fOVl  Sufficient  to  fill  circular  format 

with  dlaaater  of  20  allllaetart 
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HoOu let  I  on  Transfer  Function  (K7F)  Sm  Figure  I -I 

Linear  Distortion  between  *9,  pincushion  and  Wi  barrel 

Relative  II  Itaalnetlon  a  VT<  at  edye  of  20  mm  Field 

Optical  Transel ttance  >  §5%  In  spectral  region  of  7.4 

to  11.75  olcronaters 

Deviation  $0*  *0.5*  (degrees) 

am 

For  Interface  Inforumtion  such  as  Mechanical 
confl Duration,  outline  dlaensions  and  Mount¬ 
ing  Information,  refer  to  Section  fit. 
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SECTION  II 


FUNCTIONAL  DESCRIPTION 


2.1  uE  Nt  M  l 

The  IR  Imager  focuses  the  parallel  beam  IR  repletion  rtci  vtd  fro*,  the 
parallel  beaei  icon  Mirror  of  the  mechanical  IR  Scanner  nodule  onto  the  detector 
array  of  the  Detector /Dewar  module.  A  front  surfaced  turning  ml rror  u  used 
to  turr  the  radiation  bundle  at  right  angles  ■ 90 *  onto  the  detector  array. 

The  Input  parallel  radiation  end  of  the  module  mounts  to  the  mechanical 
structure  of  the  scanner  by  means  of  a  pilot  diameter  end  four  attaching  screws 
mounted  In  slots  This  allows  the  designer  to  rotate  the  IR  Imeger  about 
the  pilot  to  any  position  within  a  3 40  degree  rotation.  The  group  of  optical 
elements  at  the  input  scanner)  end  lo  axially  adjustable  for  variable  focusing 
through  a  drive  Mounting  pads  on  either  side  with  down  I  pin)  prov  des  meat 
fer  mounting  a  manual  or  electrical  drive  gear  train. 

1.2  TICORV  Of  OPERATION 

The  IR  Image r  Is  basically  a  germanlten  lens  which  focuses  col  1 1 me ted 
energy  from  the  afocel  scene  collecting  lens  onto  tha  KpCdTe  detector  array. 

The  lens  Is  costed  for  optimum  transmission  In  the  8-12  micron  wavelength  band 
In  order  to  optimise  the  thermal  emlttant  characteristics  of  the  scene  and  thus 
the  Overall  IR  portion  of  the  system.  The  characteristics  of  the  lens  which 
must  be  considered  fr«n  a  system  design  standpoint  are  focal  length,  clear 
aperture,  distortion,  transmission  and  uniformity  of  transmission,  field  of 
view,  and  resolution.  The  resolution  requirement  Is  best  specified  by  the  mod¬ 
ulation  transfer  function  lUTF'  of  the  lens  rathtr  than  Just  a  minimum  resolution 
requirement.  The  HTF  yields  the  resolut  on  capability  of  the  lens  over  the  useful 
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of  spatial  frequency.  When  specifying  MTF  af  the  lens  .  an  f 

MTFt  for  the  various  umponent*  .  of  wh  eh  the  I«m  *  tout  one  she*.  *  be  **•<- 
The  l»n>  *TF  "kjs t  be  coni  de ratty  hotter  then  he  owe  -*  tLir  * 

In  order  to  neet  resolution  sped  fleet  ion  Distort  on  s  the  ^esc  e  o-  ,*4  . 
uniformity  over  the  lens  useful  field  of  v  ew  Distortion  s  u«ua ' 1  ciest*  e 
by  an  allowable  percentage  of  plncush  on  end  barrel  distortion. 


SECTION  II! 


IHTCMFACE 


» .  i  cowncuMTiow 

Figure  3-1  thaw*  the  pert  nent  outline  end  mounting  lata  for  use  of  tha 
des  gner  n  Incorporating  this  module  In  a  system  layout.  Note  that  tha  dl- 
dm  and  tola-areas  raflact  tha  actual  drawing  data  which  In  sous  casas 
d  ffe  from  or  supplement  tha  data  In  tha  #2  spacl f (cation,  figure  3-2  Is 
a  photograph  zf  tha  module. 

3-2  IMTEACWgCTING 

"ha  tA  Imager  normally  Interface*  with  tha  Scannar  and  tha  Detector 'Da- 
war.  ft  can  ba  eperated  In  any  attitude,  but  must  ba  or  I an tad  ralaciwa  to 
tha  mating  nodule*  so  as  to  provide  tha  ragul rad  I A  Image  orientation  on 
the  detector. 

Tha  fA  rmag.tr  Is  attached  to  the  Scannar  by  screws  which  pass  through 
slotted  Solas  In  ti-a  mounting  flange  and  Into  threaded  holes  In  tha  Scan¬ 
nar.  An  angular  scale  Is  provided  on  tha  IA  Imager  mounting  flange  to  aid  In 
Installing  this  module  In  tha  desired  orientation  on  tha  Scanner. 

*he  IA  Imager  has  provision  for  focusing.  If  It  Is  to  ba  used  with  fixed 
focus,  the  focus  ring  gear  may  ba  rotated  manually  for  bast  focus  at  assemb¬ 
ly  and  than  locked  by  •  suitable  means.  If  tha  focu*  feature  Is  to  ba  used 
either  for  system  focus  or  thermal  focus  compensation  or  both,  a  special  focus 
drive  mechanism  must  be  provliiad  to  engage  with  the  gear  teeth  of  tha  Ians 
adjustment  ring  5H-C -773M7 1 .  A  smell  mounting  pad  '  s  provided  on  aarh  side 
of  tha  module  housing  for  attachment  of  a  special  focus  drive  mechanism, 
whether  this  dr  va  Is  manual  or  electrical,  either  *  torque  limiting  drive 


I 

•  • 

or  a  i«f«r«t(  pot  i  1 1  vo  stop  should  b«  used  to  pro /wit  post  l  bio  dmp  to 
or  jamning  of  tho  noving  portt  of  the  IK  lawyer  or  of  the  drive  nochenltn 
Ittolf. 

Thoro  It  no  provltlon  on  tho  Detector -Oewar  for  di roct  physical  connect- 
lon  to  tho  IK  Inogor.  ^recite  end  rigid  ellgnnent  of  tho  detector  Oowor  end 
tho  IK  I  no  90 r  oust  bo  ottolnod  by  Jtt  of  o  tpociol  Intorco  inoct I ng  structure. 
Tho  output  Mounting  turfoco  of  tho  IK  Inogor,  with  too pod  holot  ond  locoting 
pint,  con  olto  bo  used  for  ottochmont  to  tupporting  ttructuro  to  thot  tho 
wolght  of  tho  IK  Inogor  ond  ony  focus  drive  no chon (tn  oro  not  hut  q  ont I ro ! y 
on  tho  Sconnor  ttructuro  tdilch  it  rolot.voly  nook  ond  subject  to  dofloctiont. 


Tho  IK  Inogor,  doing  on  optlcol  Modulo,  doot  not  contribute  to  tho  tytton 
t  he  mo  I  hoot  dittepotlon  prod I  on  other  then  possibly  o  tnol I  anount  gone ro too 
by  on  oloctrlcol  focus  rochonitn  If  ono  It  used ,  However ,  the  IK  Inogor  Must 
bo  token  Into  occount  In  tho  tyttooi  the  mol  design.  Tonperoturot  gone  rated  by 
adjacent  nodulot  hooting  tho  optlcol  olonontt  con  affect  tho  indo*  of  refrac- 
tien  of  tho  lent  olonontt.  The  possible  effects  of  tonperoturot  on  tho  optlcol 
olonontt  ore  detcrlbed  In  tho  dotal  led  dltcuttion  of  tho  tyttooi  theme,  do* 
tlgn  cone  I do rat  I ont  provided  In  Section  III  of  Chpeter  1. 

J.«*  jfTJCAt,  IKT|KfAC£  ftKTA 

The  IK  Inogor  It  0  nodule  «*ich  focuttot  0  parol lol  boon  of  8-12  nicron 
IK  rod lot  Ion  fron  o  sconnor  onto  0  detector.  It  con  function  alone  ot  on 
ob Wctlve  lent  of  67.8  «*  focal  length,  F/1.8,  with  o  half  field  of  8.4  de¬ 
gree*  for  a  parallel  bo«n  teen  tytton. 

*fhen  designing  tyttont  Involving  this  nodule,  the  following  points  should 
bo  kept  In  nl  nd. 
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(1)  .he  sped  f  i ad  flange  f ocus  distance  In  the  dove lopwa  n  tome  (17.16  «) 
is  t ha  physical  distance  In  ml r  from  the  roar  surface  of  the  module  to  the 
pl«M  of  beat  focu*  for  the  complete  field  of  viOM.  It  corresponds  to  the 
distance  to  tha  1*090  If  there  is  no  dower  window  In  tho  path.  The  physical 
distance  fro*  tho  f lento  to  ihe  piano  of  bast  focus  whan  a  OhO  inch  90 r»- 
anitas  dower  window  is  Included  In  tho  path  bo cones  0.729  Inch  nr  If. $2  .as. 

(2)  Infrared  1*09! *>9  nodules  node  by  different  Manufacturers  era  at  pre¬ 
sent  Interchangeable  as  to  function.  HcMaver,  if  Modules  of  dlfforent  or i tin 
era  dlsessanhled  in  a  depot  service  op* ret  Ion  o-  for  any  reason,  care  oust 

be  tefcan  that  the  I*  1*09(09  Ians  assembly  freer  one  Manufacturer  Is  not 
reasserted  to  the  housing  fro*  another  vendor.  The  individual  Ians  ale- 
Mants  within  these  units  ere  not  interchangeable  at  present.  Although  the 
parts  can  be  node  to  fit  mechenl  cal  ly ,  the  optical  performance  will  net  be 

opt  I MUM. 

())  Afocel  design  -  In  the  cowmen  nodule  system,  a focal  lenses  collect  large 
diameter  bundles  of  Ift  radiation  and  compress  them  to  small  diameter  bundles 
of  pereliel  light  for  scanning,  input  to  the  1ft  Imaging  Module  etc. 

The  bundle  of  radiation  output  from  the  afocel  is  parallel  only  to  first 
order  optics,  however,  at  the  third  order,  the  rays  for  any  one  point  In  tho 
field  era  deviated  free  parallelism  by  the  aberrations  In  the  afocel  Ians.  To 
the  maximum  extant  possible,  these  aberrations  mu*  be  balanced  off  by  the  re¬ 
sidual  aberrations  In  t ha  Ift  imager. 

Therefore,  when  designing  afocel  lenses,  the  Ift  imaging  lens  mutt  be 
Included  In  the  computer  lens  design  program  as  a  fixed  condition.  This  lane 
design  Is  given  In  T*ei«  3.1.  If  should  be  recognised  that  the  mirror  scan¬ 
ning  process  optically  displaces  and  rotates  the  afocel  groups  and  the  Ift 
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!*•«•*  4 roup  relative  to  ooch  ot  •or  atildi  rotultt  In  rebuce-J  tyaraatry  e«tb  hlph- 
or  coot  of  botlpn.  However,  the  coat*  ouat  bo  accepted  for  the  reaultlnp 
bottor  opt  lot  cat  Ion. 


Toblo  J-1 


*1 

•4 

T 

“l 

hat oriel 

) .04)4 

1.71*4 

.2000 

.3110 

2.50 

2.40 

So 

14.54)4 

-22.0542 

.1500 

2.1755 

2.) 0 

2.10 

ZnSp 

1.17*0 

1 .5712 

.1)50 

1.70 

1.40 

So 

(A  permeni^  Plata  of  thlcknaaa  0.040  ft  Included  In  the  bock  focua.) 

2nSo  (line  So  1  an  I  bo )  It  available  frm  tovorol  tour  cot  with  allyhtly 
bl f feren?  indlcot  of  refraction.  Tho  values  used  In  tho  detlpn  of  tho  I* 
l«eper  aro  bated  upon  thoto  pub 1 1 ihob  by  Aoythoon  for  tholr  probuct,  *Oyt  r#r 
ZnSp.  ^  •  I  MU) 

Subtt I  tut  Ion  of  the  probuct  fro*  Cpttapn  Kodak  ("lrtrpn  V,  M  .  2.4,1.)) 
for  eaoMplo.  alii  result  In  an  oopoctatlon  of  Incroato  of  bock  foewt  by  4.0001 
Inch  Cacopt  for  flight  scattering  off  tho  prein  bound  riot  In  the  t Into rob 
Kobe*  probuct,  other  optical  affoett  are  even  iott  tlpnlflcont  then  tho  bock 
focut  chonpo. 


SCCTIM  rv 


al  !  owe  m 'm  i*rt  wncc 

4.1 

This  taction  prov idat  Inforaatlon  on  tha  tatt  and  a  I  Ipnnant  rt^.rwiMi 
to  bo  cant  I  da rad  in  tha  uta  and  application  of  tha  IP  loaf  Inf  aodula.  Pro- 
tan  tad  h train  it  a  panaral  out  Una  of  tatt  aqulpaont  raqwfrad  and  tha  aathodt 
anployad. 

4.2  IP  lHAtfP  AUCWWfWT  PPOaotAt 
4.2.1  AIICMMITT  &  TfST  PlYTUPf  -  TUPMINC  NlPPOP 

Tha  attaably  of  tha  tnmlnf  ailrror  to  tha  IP  Inapar  aoduU  It  tha  want 
of  control  I  Inf  both  tha  anfla  of  davlatlon  and  tha  cantarlnf  of  tha  output 
ralatlva  to  tha  Input.  In  ordar  to  acconpl Ith  thlt.  dur Inf  atta«*ly  It  avtt 
bo  pot  tibia  to  Introduca  a  cantarad  and  anf I a -control  lad  boon  and  tatt  tha 
output  for  cantarlnf  and  davlatlon.  Pafaranca  thould  ba  nada  to  tha  vltlbla 
colllnatlnf  aodula  Oatlfnar't  Handbook,  all fn— nt  and  tatt  taction.  Tha  In¬ 
frarad  al ipnnant  and  tatt  It  tlollar  to  that  for  tha  vltlbla  col  Una  tor,  a»- 
eapt  that  It  It  nada  nora  canpllcatad  by  tha  nacattlty  of  ut Inf  a  da tact or  to 
tanta  tha  radiation. 

An  undarttanilnf  of  tha  vltlbla  collln»*lnf  aodula  tatt  apulpaant  and 
pr oca dura  will  ba  halpful  In  follarlnp  tha  IP  procadurat . 

A  tourca  of  7.5  to  11.75  olcronatar  radiation  it  chop pad  and  utad  to  II- 
Itatlnata  a  tarlat  of  ratlclat  tlallar  to  thota  In  tha  vltlbla  colllnator  tatt 
ttatlon  tourca  attoadly.  tinea  tha  two  aodulat  hava  tlallar  flaldt  of  vlpw 
and  ‘tantor'1  dtnanalont,  It  ly  faatlbla  to  wta  tha  taaa  tourca  attaably  with 


aach.  At  with  tha  vltlbla  colllnator  tha  IP  Inaflnf  aodula  It  flttad  Into  an 


1 


tdM't'  ••  that  the  entering  fMi  Into  the  nodule  fro*  the  focal  plane 

tide  for  eete  of  tcpnnlnp  with  a  detector  a  box  rat  Ida  thouid  ha  '-ted  In 
Plata  of  tha  rlnp  ratlcla  In  tha  tawrca  at  tend I y 

In  ardar  ta  cneck  hath  can  tar  I  np  and  deviation,  IN  laafOt  autt  ha  tcannpd 
at  two  dlffarant  axial  locations  or  tha  two  1*090*  autt  ha  drawpht  to  tha  taaa 
scanning  plana  hy  fllpplnp  an  euxlllpry  I ant  >n  and  out,  *  I  or 90  datactor 
aay  ha  u«ad  without  pracita  petitioning  ralatlva  ta  tha  front  flanfa  of  tha 
■  aapar,  hut  tha  tcanninf  apartura  pot > t Ion  autt  ha  pracltaly  known 

Chocklnp  tlaul tanaowt ly  for  doth  davlatlan  pod  conterlnp  it  not  pot* I  hie 
*0  that  a  rapid  oaant  of  thlftlnp  tha  etwlllpry  lant  oust  ha  provided.  with 
tha  duxllltry  (patitiva  focal  (anyth)  lant  out  of  tha  path,  tha  Itna  apartura 
In  front  of  tha  datactor  will  tcan  tha  lappa  of  tha  han  ratlcla.  Tha  cratf 
hair  ratlcla  loapa  It  out  of  focut  at  thlt  tl*a. 

Ifhan  tha  auxiliary  lant  It  Intartad  an  a  t anaphora  It  will  com  to  rott 
opalntt  pracita  ttapt  which  will  Intura  that  lit  optic  aalt  It  pracltaly 
alipnpd  with  tha  pilot  fixture  and  tha  tcpnnpr.  It  will  than  ha  pottlfclc  ta 
Intpoct  tha  focut tad  l*apa  of  tha  crosshair  ratlcla,  and  tha  han  ratlcla  will 
ha  out  of  focut 

Tha  tcannlnp  apartura  *ut t  ha  placad  an  a  carrppa  with  callhratad  al- 
C'OMtart  far  trpvalllnp  It  In  hath  tha  x  4  y  direction*  (The  optic  aalt 
it  tha  1  dlractlon  )  Tha  pattarn  path  raadlnpt  for  doth  x  4  y  direction*  for 
doth  pot  1 1 1 on*  of  tha  auxiliary  Ian*  are  cantered  hy  the  operator  hy  *eent  of 
od)utt*ont  of  tha  tumlnp  wlrrpr, 

*.J  wm  im*Cf 

h.J.I  CCNCRAi  iMINTCNANCf 

Tha  *0 1 nt anpnea  functions  rad u I  rod  for  the  I*  1*0 par  nodule  are  In¬ 
spection  for  nochon  I ca I  dame pa  and  claoninp  doth  natal  end  lent  and  nl  rror 
tur facet  «d*en  -waded  When  doth  Mtel  and  tha  lent  and  olrror  surface*  require 


I 


! 
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cloanlny,  tha  natal  surfaces  shoulJ  «a  cteaneJ  first 


caution 

Is  not  ke  too  ssfar  to  clean  lansos  If  they  appear  to 
have  a  llttla  Just  on  than  It  will  taka  oulta  a  kit 
of  Just  to  block  off  as  such  as  I  percent  of  tha  th.-ouyh- 
put.  Oefore  transaction  tasts  anJ  when  noJv'es  ara  as- 
senhleJ  In  to  a  tystee  for  Jo  1 1  vary  are  tha  only  tinas  tha 
lansos  raa I ly  ovyht  to  he  claanaJ. 

4.). 2  IN5KCTIGN 

Tha  purposa  of  tha  I  ns  pact  Ion  Is  to  Jatamlna  If  tha  Ik  lawyer 
•aatt  accaptakla  nachanlcal  reeulranentt  kafora  usa.  Tha  Inspect  Ion  con¬ 
sists  of  tha  fol Icwlny  stops. 

4.J.2. 1  Chack  tha  aaital  houslnf  for  eacesslve  Jants  or  warp  which  nl§ht 
affact  Ians  position. 

4. 3. 2. 2  Chock  lansos  of  the  noJule  for  chins,  cracks  or  eicesslae  scratches 
on  tha  Ians  coet’nys. 

4. J. 2. 3  Chock  nlrror  for  slyns  of  cracks,  chip*  or  scratches. 

4. 3. 2. 4  Chock  for  alsslnf  sc  raws, 

4.3.2.5  Chack  all  surfaces  fnr  clean  I  Inass.  Clean  If  repulreJ  as  JescrlbeJ 


In  tha  following  paragraphs. 

4. 3. 2. 4  Verify  'hat  the  yea'  rlny  novas  freely. 


4.3.3  CLEANING  AftOCCDUMS 
4.3.3. I  Cleaning  natarlals 

Tha  foltawlny  cloanlny  natarlals  or  aquivalantt  are  raaulraJ  for 
c leant  ny  tha  natal  anj  optical  surfaces  of  tha  noJule. 


Lons  C loaners 
Cthyl  Alcohol 

Lens  Cloanlny  ftutJ 

<ans  Tissue 


FSN  or  FED  Spec.  No. 


n 0  Spec  0-C-760b 
GraJa  I ,  Class  A  or  C 
f$N  4110-201-0906 

fSN  6440-507-6745 
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I  *S  Mel r  I rush 


r*K  7970-2*$>O*6S 
fSN  t36S-l70-S0Wi 


lint-free  Cloth 

•*.3.3.2  Opening  u«m  or  Mirror  Surfaces 

ytoi* 

Us«  Ions  tlf»uo  trfiOff  cleaning  Ions 
or  Mirror  surfaces.  bO  MOT  use  « 
cloth  which  night  scratch  tho  Ions 
Or  Mirror  Surface. 

4. 3. ). 2. I  Aenove  all  loots  dirt,  dust,  and  foreign  matter  f row  tha  loos  or 
Mirror  surfaca  with  a  clean  caw  I *s  hair  brush. 

W.3.3.2.2  Fold  Ians  tlttuo  to  font  a  swab.  Avoid  touching  tha  swab  cleaning 
surfaca  with  tha  f Invars. 

*». 3. 3. 2. 3  Squaaia  a  faw  dross  of  Ians  cleaning  fluid  or  alcohol  onto  tha 
oat  I  cal  surfaca . 

b.3.3.1.**  Gently  wlpa  tha  optical  alawnt  surfaca  carefully  with  tha  Ians  tlssua 
swob  preferably  In  a  circular  Motion  and  with  vary  llr>t  pressure  starting  f row  tha 
cantar  of  tha  surfaca  and  working  tourdt  tha  outer  edge. 

••.3.3-1.5  Allow  to  dry  or  wlpa  away  oncost  cleaning  fluid  with  a  second  swab. 
*•.3.3.3  Cleaning  natal  or  Interior  Surfaces 

*••3.3.3. 1  Aawova  all  loose  dirt,  dust,  and  fora  I  gn  natter  f  raw  tha  exposed  sur¬ 
faces  with  a  pant  la  blast  of  clean  aultture  fraa  contrasted  air  (15  lbs.  mi.) 
or  with  a  cewf't  hair  brush. 

b.3.3.3.2  wipe  all  anposed  su 'facet  with  a  clean,  llnt-frae  cloth. 
b.3.3.3.3  Aonove  stubborn  or  9 round  |r  dirt  with  a  cloth  dawanad  with  clean 


fresh  water  or  a  wild  solution  of  detergent  and  water. 

**.j.3.3.*»  8ry  tha  surfaces  thoroughly  with  a  clean  llnt-frae  cloth. 


CMAPTC*  11 

SCANNER,  MECHANICAL,  INFAAAED 

SH-#-77J|05 
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SCCTlOh  I 


ccwMi  MsemmtM 


1.1  iMiaOUCTIQW 

The  Infrared  Mechanical  Scanner  (hereinafter  called  the  scanner)  consists 
of  a  scan  «echen!»n  assembly  and  housing.  The  scan  nechanisn  assembly  ncludes 
a  flat  scan  Mirror,  interlace  global ,  and  associated  drive  consonants  The 
seen  Mirror  pivots  about  the  scan  ans  and  oscillates  about  the  .nterlece 
an  is  at  the  eno  of  eecn  scan  or  once  every  othe-  scan  to  create  a  2  I  Inter- 
lace  pattern,  dhen  the  scanner  Is  Mounted  In  an  infrared  (I*)  system,  the 
front  side  of  the  scan  Mirror  directs  Incoming  I*  energy  through  a  set  o'  I* 

I  magi  r»g  optics  onto  an  array  of  I*  detectors  The  back  side  of  the  Ml  rror 
directs  the  visual  output  from  a  light  emitting  diode  (l£b)  array  through 
a  sat  of  visible  collimating  optics  and  Into  a  visible  display  optics  as* 
sambly.  The  scan  drive  components  consist  of  a  var I  able -speed  board  t§2- 
28AOS0I20)  for  scan  rates  from  20  to  M  Mx,  externally  synchroni xed ,  or  a 
I  a*. -power  board  (S2-2BAOSOI 1 9)  for  operating  with  30  Hi  dlrect-vie*  systems. 

1.2  IWUhOCQ  OSC  Of  Ilfil 

The  scanner  module  has  bean  designed  to  interface  with  other  major  com¬ 
mon  and  special  moduias  to  form  an  Integrated  forward  Looking  Infrared  (fllH 
or  Thermal  Imaging  System.  The  primary  function  of  the  nodule  is  to  optically 
scan  the  thermal  image  of  object  ve  space  onto  a  detector  array  and  slnul- 
aneous I y  scan  the  output  of  an  LCO  array  and  collimator  to  the  visual  output 
op' I cs  of  a  system. 
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1.3  TECHNICAL  specification 


The  Technical  Specification!  of 

CiXJMliX 

he*  i»<m  power 

hodul at  ton  Trantfer  Function 
Duty  Cycle 

hex  lane*  Act  ve  Scar  Angle 
Effective  Interlace  angle 
Scan  rate 


the  scanner  module  are  as  follow* 

*1111  ft  lit  iBlfi 

7.5  *titi 

95% 

70%  at  U  Ht,  75%  at  Jfl  Hi 
25  degrees  •  *2  Hi 
0.75  nrad 

20  Hz  to  62  Hz 


22Ii 

He chan I ca I  specif (cations  Involved  with  In¬ 
terface  requirements  are  Included  In  Sec¬ 
tion  Ill. 


section  ii 


FUNCTIONAL  OCSCAIFTION 


2.1  SCNCMi 

The  Scanner  Assembly  consist*  of  e  cost  aluwinun  housing  with  cove 

which  Houses  a  giMbal  Inte-lace  subessemfc I y  which  is  the  scon ne  nechar  s« 

(1)  Ho u> | ng  -  Three  (I)  external  surfaces  of  the  how*  ng  pro*  de  a  Mount- 

ng  interface  with  various  Imaging  system  Two  nrthogena  su  faces  ara 
recommended  for  the  Mounting  Interface.,  Th  ee  (3)  open-ng*  r  the 
housing  and  one  (I )  opening  In  the  cove  provide  apertures  fcsr  d-<-ect- 
I ng  the  incoming  IF  energy  by  Means  of  a  seen  al  rror  through  a  set  of 
system  IF  i  waging  optics  end  directing  a  visible  output  fro*  a  LEO 
array  by  weans  of  the  bach  side  of  the  scan  Mirror  to  a  set  of  system 
visible  coliiMstlng  optics. 

(2)  C  label  Assent)  i  y  -  The  giabe)  assembly  consists  of  a  cast  alumnus  support 
which  Mounts  the  scar  alrror  assembly,  two  (2)  brushless  OC  Torque  moto-% 
(scan  driver)  two  (2)  push /'pul  I  solenoids  \  Interlace  action),  two  (2) 
transducer  as  esfelfps  (Scan  and  interlace  posit  lor  plckoffs  a  t  am  - 
ducer  bridge  (printed  circuit  board)  assembly  with  wiring  end  other  as¬ 
sociated  parts . 

The  glabel  asseably  Is  suspended  In  the  housing  by  means  of  two  1)  apposed 
flexural  pivot  (f rlctlonfess  bearing)  assemblies  on  an  ax  s  wh  :h  Is  at 
30  degrees  with  respect  to  the  mi rror  scan  ax  *.  This  •«  s  produces  a 
mechanical  actcn  for  Interlace  with  »he  scan  axis 

(3)  Interlace  Drive  Solenoids  -  The  glmbel  assent  y  interlace  mot  on  s  gene 
eted  by  the  two  push/pul  I  solenoids  which  are  mounted  •'  aelaily  op- 
posed  position  to  a  Mounting  block  which  s  aff  xed  to  the  scanner  hows 
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ng  at  final  assembly,  Two  solenoid  a  lunger  i  re  attached 

to  the  nterlace  gimbel.  Travel  of  the  plunger*  I*  governed  by  Stop 
pin*  wn.ch  are  attached  to  a  plate  at  the  rear  of  each  sc 1 eno i d .  A 
til  cone  rubber  cush  on  «  provided  on  the  plunger  assemblies  to  lower 
the  audio  »  •«  led  when  ope  rat  >onel  free  travel  of  the  plunger*  are 
•d  u«ted  to  21  ell*  by  placing  «hlm»  symmetrical ly  between  the  y'ungers 
and  the  face*  of  the  oolenods  In  operation,  the  lolenold*  when  alternately 
energi red  dr  e  in  the  pull  condition  The  itop  pin*  are  adjusted  to  pro* 
vide  the  0  ’5  «r*d  interlace  angle  An  occasional  ed-ustment  o>  the  itop 
pi".*  *ev  he  requ  -ed  to  vo"*wmt«  for  cu«hion  wear  or  who-  changi  ng  between 
JO  and  60  Ht  operetlon  However,  the  stop  pin  «ettlngs  should  not  norm¬ 
ally  be  changed  during  operation 

(**)  Scan  *1  r r n p  *11  Mill  I  *  Th#  scan  el  rror  assembly  con*l*t*  of  a  ol  mor, 
two  (2)  return  arm*  with  countar  weights  and  upper  and  Iwtr  stub 
shafts. 

Tha  el  rror  Is  pyroc era**  Both  sides  of  the  el  rror  are  coated  and  are 

used  optically  In  tha  system  The  Infrared  side  Ithet  side  feeing  out 
of  the  system*  Is  coated  for  high  reflectance  In  the  7.5  to  12.5  elcron 
range  and  the  rear  Is  coated  for  high  reflectance  in  the  0.65  to  0.65 
elcron  range,,  both  for  Incidence  angles  of  <5*  The  return  ere*  are  made 
of  cast  aluminum  and  extend  ewev  from  the  axis  of  rotation  of  the  ml rror 
assembly  in  opposite  directions  Their  purpose  is  to  strike  spring  esspmb 
as  that  are  fixed  to  the  housing  causing  a  return  force  which,  together 
with  torgue  motors,  swing  the  mi rror  In  the  opposite  direction  until  they 
st raa  an  opposite  set  of  spr  ngs  which  -epee  tha  cycle  thus  causing  a  seen 
mirror  oscillation  at  the  specified  angl*  Counterweights  are  cemented  to 
the  return  arms  to  obtain  a  dynamic  balance  of  the  ml  rror 
'he  u-pper  an  a  lower  stub  shafts  form  part  of  the  ml  rror  assembly  and  are 
located  on  an  axis  through  the  canter  of  the  mirror,  parallel  with  the 
mirror  surfaces  These  shafts  are  ; nserted  into  the  center  of  the  rotor 
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uf  th«  torque  motor*  *nd  attached  by  screw*  th-ough  flanges  on  the  stub 
shaft*.  The  m\rror  Is  assembled  to  the  stub  by  c eaten t i ng.  The  center 
axis  of  the  stub  shafts  are  accurately  positioned  with  respect  to  each 
other. 


(5)  Soring  AeseeOI/iee  -  There  are  two  sets  of  four  spring  assemblies.  One 
set  is  used  for  30  Mi  (Low  Power)  node  of  operation  and  the  other  set  Is 
used  for  the  60  Hi  (High  Power)  node.  The  sets  are  node  up  of  slnller 
parts  except  that  the  30  He  set  has  weaker  springs  and  has  a  silicone 
rubber  pad  on  the  free  end  of  each  spring.  The  purpose  of  these  pads  I*  to 
reduce  the  audio  noise  level  In  the  tow  power  condition. 

The  function  of  the  spring  assemblies  Is  to  control  the  total  scan  angle 
of  the  mirror  assembly.  The  maximum  scan  angle  for  the  30  Hi  condition 
Is  S.S  degrees  and  the  maximum  angle  for  the  variable  60  Hi  condition 
is  10  degrees.  The  sprinq  assemblies  are  indlvldual'y  adjustable  to 
obtain  these  angles  by  screw  slot  adjustment  of  their  mounts.  They 
are  positioned  on  the  block  to  act  as  a  return  at  each  cycle  of  mirror 
scan  as  the  return  anas  of  the  ml  rror  assail y  drive  Into  them.  This 
action  causes  the  springs  to  compress  hence  reversing  the  direction  as 
explained  above. 

(6)  loam  ana  ■  The  scanner  ha*  two  brushless  DC  torque  motors  which  are 
mounted  on  the  scan  axis  and  drive  the  mirror  assei*ly.  tech  develop  a 
peek  torque  of  1.3  ounce  Inches  with  a  continuous  power  consumption  of 
2.6  watts.  In  the  30  Hi  (Low  Power)  mode  of  operation,  one  motor  is  used 
for  drive  ard  the  other  Is  used  as  a  tachometer.  In  the  variable  scan 
mod*  (20  -  62  Hi)  both  mntors  ere  used  fur  driving.  These  motors  are 
mounted  opposite  eech  other  Into  the  gimbel  on  the  scan  axis  and  thair 
rotors  art  suspended  along  with  the  mirror  assembly  by  means  of 
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double  ended  flevurel  |livot«.  The  cor  tar  port  I  or  of  the  pivots  Is 
considered  tho  fi»ed  and 

Transducers  *  Thor#  ara  two  nepnatorasl st I ve  transducers  In  the  assembly. 
The  resistance  of  the  transducer  varies  as  a  function  of  tho  position  of 
a  steel  *ane  mpv'np  In  front  of  It.  One  transducer  Is  mounted  to  the  sole¬ 
noid  mounting  block  hence  to  the  scanner  housing  and  its  vena  (target)  Is 

on  global  at  tho  Interlace  drive  apchenicel  connection  Tho  other  trans¬ 
ducer  Is  MOOTted  at  the  seer  eels  with  Its  rane  (target)  aountad  to  the 
global.  Thesa  transducers  are  used  for  picking  off  angular  position  in¬ 
formation  of  tho  Interlace  and  scan  nations. 

(•)  Printed  Ci  ran;  *  *  *"»ill  printed  circuit  board  IS 

part  of  the  scanner  asseably.  It  Is  a  transducer  bridpa  used  for  devel¬ 

opment  of  the  seen  and  interlace  position  sipnels.  It  Is  wired  In  with 
a  harness  to  the  scanner  electrical  components  and  Is  terminated  by  a 
connector  which  ties  in  with  the  system  electronics. 

2.2  THEORY  Of  QPCMTIQW 

In  the  H*,  fived  frequency  mode  of  operation,  tha  scan  speed  of  the 
mirror  Is  controlled  by  a  velocity  loop.  The  output  of  tie  tachometer  (ona 
torquer  Is  used  as  a  tachometer)  Is  compered  with  tha  velocity  commend  and 
the  difference  .diich  is  >.ne  velocity  error  signal  is  amplified  by  the  torque 
motor  amplifier  which  transmits  corrective  sipnels  to  the  torque  motor.  The 
torquar  in  turn  accelerates  or  decelaratas  the  mirror  until  the  arror  signal 
Is  reduced  to  rare.  *her  tha  and  of  travel  is  reached,  the  limit  stop  sprinps 
ara  contacted  which  store  and  then  release  the  kinetic  anerpy..  In  other  words, 
the  mirror  will  bounce  back  from  the  stop  At  tha  same  time  the  input  commend 
to  tha  velocity  loop  will  also  change  polar  ty  generated  by  an  anaiop  com¬ 
parator  which  senses  the  output  polarity  of  the  tachometer.  The  mirror 
will  now  scan  In  tha  opposite  direction  until  the  other  limit  stop  is  contacted. 
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In  thl*  lyp*  of  *rrang*n*nt,  th*  torquar  Dm  only  to  aupply  th*  onorfy 


absorbed  by  th*  turn-* round  nochant an  at  th#  turn-around  tin*  and  aupply 
corractiva  torques  during  th*  actual  aeon.  In  this  ay a  tan,  th*  aean  fre¬ 
quency  la  aoialy  dotamlnod  by  tha  aeon  valoc  I ty  and  by  th*  paranater*  of 
th*  turn-around  nachanlan.  Any  change  In  aeon  velocity  and  turn-around 
tin*  wi  1 1  have  an  *f fact  on  th*  aean  fraauancy. 

Whenever  th*  aean  change*  dlractlon,  a  pula*  Id  trananittad  ta  th*  video 
alactronlca  for  furthar  procuring. 

2.2.1  VARIABLE  FREQUENCY  OPERATION 

An  analog  mgnatlc  proxlnlty  typa  tranaducar  (aaa  Figure*  2-1  and  2-2*' 
prowldaa  airror  poaitlon  Infomatlon  during  aean  which  la  conparad  with  an 
a  I  act  ronl ca I ly  generated  poaitlon  cownend  and  nay  ba  aynchronl tad  to  an  *«- 
tamally  auppllad  Synch  Rula*.  Th*  di  ffaranc*  between  thaaa  algnel*  It  aop- 
llfiad  by  th*  torqu*  not  or  aapllfiar  which  in  turn  a and*  corractiva  signal* 
to  both  tor*u*  not or a.  Th*  torque  notort  in  turn  apply  corractiva  torquoa 
to  th*  Scan  Mirror.  A  pula*  la  trananittad  to  th*  Interlace  alactronlca 
w nanavar  tha  aean  ravaraaa  for  furthar  processing. 

2.2.2  INTERLACE 

Th*  poaitlon  of  th*  Interlace  global  (a  controlled  by  a  poaitlon  leap 
with  velocity  feed  forward,  Th*  poaitlon  of  tha  Interlace  global  la  aantad 
by  th*  Interlace  tranaducar  and  la  conparad  with  th*  Interlace  poaitlon  con- 
nand.  Th*  dl  ffaranc*  between  t»*a  Interlace  tranaducar  output  aid  th*  inter¬ 
lace  poaitlon  camnand.  which  la  th*  poaitlon  loop  arror  a  Ignal.  (a  amplified 
by  a  praanpllfler  and  trananittad  to  th*  actuator  aapllfiar.  The  output  of 
th*  actuator  aapllfiar  tdwch  operate*  in  currant  feedback  nod*  power*  the 
actuator  »e>lch  in  turn  appil**  corractiva  force*  to  th*  Interlace  global.  Th* 
Interlace  global  will  no*  nova  until  th*  error  algnal  I*  reduced  to  faro.  Th* 
ntarlac*  global  I*  no*  In  tha  commanded  position. 
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The  velocity  feed  forward  signal  which  It  generated  by  the  Interlace 


electronics  it  fed  to  the  preaepllfler  Mentioned  above  where  It  It  tewed 
with  the  pot I t Ion  loop  error  signal. 

Thlt  petition  loop  employs  error  rate  danplng  for  ttabl I  teat  Ion.  The 
interlace  position  commend  It  generated  by  a  comparator  which  changes  Its 
output  *rf*e  raver  the  direction  of  the  scan  it  reversal  (once  per  tcan  mode) 
or  when  the  direction  of  every  other  tcan  It  reverted  (once  every  other  » can 
mode) . 


-31  7- 


SECTION  III 


1 


INTERFACE 

3.1  MKmflttim 

Fl  yure  3*>  end  3*2  show  the  pertinent  outline  and  mown tiny  data  for  jfi 
of  the  deaiyner  in  Incerporeti  ny  this  module  In  «  systoni  layout.  Not  a  thot 
tho  d i mens i ons  and  tderencos  roflact  the  actual  drewlny  data  which  In  tcao 
catai  dlffar  from  or  tuoplewent  tho  data  in  tha  *2  tpocl fleet  I  one  Flyura 
3-3  I*  a  ohotoyraph  of  tho  module.  Flyura  3 •**  l(  a  parts  location  drawlny  of 
tha  trontducar  brldye  assembly. 

3.2  INTCFCONNECTINC 

Tha  Scannar  normally  Intarfocas  with  tha  IF  Inayar  and  tha  Visual  Col  1 1 - 
net  or  and  also  with  visual  Ineylny  optics  and  an  afocal  Ians  (if  it  Is  raoul rad 
in  tha  sysla*)  Tha  visual  optics  and  afocal  Ians  «ust  ha  wad*  to  satisfy  tha 
unlyuo  sys tan  reoul foments.  Tha  Scannar  can  ha  oparatad  In  any  attitude,  hut 
Must  ta  erlantod  relative  to  tha  metlny  nodules  so  as  to  provide  tha  laoya 
orlantatlon  and  scan  diractlon  raoul rad  for  tha  system  das  I yn 

Tho  Scannor  nay  ha  noun tod  to  a  bosa  plata  by  util  I  tiny  any  combination 
of  tha  mount  I ny  facas  I nd I  cat ad  on  tha  outline  drawl nyi.  Tha  scannor  mount - 
Iny  surfaces  have  tapped  holes  as  wall  as  locetlny  dowel  pin  holes.  *han 
mount  I ny  tha  Scanner,  It  Is  Imperative  that  tha  Mount  I ny  structure  not  streln 
tha  Scenner  hous  ny.,  The  heudlny  Is  of  llyhtwsolyht  construction  end  any 
strain  Imeesed  on  it  could  effect  tho  'unction  of  the  Scanner  module.  Con- 
seouontly.  cons  t  da rat  I  on  should  ha  ylven  to  tha  use  of  adjuftahla  bracket 
and/or  shin*  to  match  exactly  tha  mount  I ny  surface!  at  essenb'y  to  avoid 
distortion  of  the  houalny. 


loth  the  Collimator  and  the  flslble  Inayar  art  In  tha  visual  optical  path 
and,  accord  nyly,  are  mounted  to  the  hevtlny  surfaces  which  have  oponlnys  which 
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Flyura  J-J.  Scarmar,  nachanlcal  !n*rarad  (and  *ean  t  Intarlaea  *>4ula) 


face  towsrds  the  visual  reflect ing  surface  Of  the  Scanner  nirror.  It  is  per¬ 
missible  to  mount  either  module  to  eithe-  of  these  two  surfaces  as  determined 
by  packaq  I  ng  design  con*  Ida  rat  Ions .  Suitable  adapter  rings  or  flanges  may  be 
required  to  natch  the  Imager  and  Collimator  nodules  to  the  housing  mounting 
surfaces  selected.  S»e  comments  In  Section  III,  Chapter  10  for  -ite 'connect - 
ing  the  collimator. 

The  I*  Imager  and  the  Afocal  lens  (if  required  by  the  system)  are  lr  the 
IA  optical  path  with  the  IA  reflecting  surface  of  the  Scanner  mirror.  The  IA 
Imager  nterfeces  with  the  mounting  surface  on  the  Scanner  Housing  Cover  which 
forms  one  sde  of  the  Scanner  housing  A*»*mbly.  See  also  Section  III,  Chapter 
9  on  interconnect  ng  the  IA  Imager. 

It  Is  essential  that  the  Scanner  Itself  end  the  module  wt  ch  connect  to 
t  be  mounted  end  supported  to  prevent  distortion  of  the  Scanner 

Clectrlcel  connections  ere  made  to  e  single  connector  to  which  the  scan¬ 
ner  harness  term  nates.  The  mating  connector  should  be  f  *ed  by  the  designer 
n  an  accassibie  location  such  that  plugging  and  unplugging  the  S canne r  con¬ 
nector  Mill  not  unduliy  strain  the  harness  service  loop. 

3.3  THEAHAc  QCSIGh  CWMQ6AATIQKS 

Although  the  scanner  module  power  dissipation  Is  relatively  lower  (2  watts), 
It  must  be  teWer  Into  account  during  system  design.  Aefer  to  Section  II  of 
Chapter  1  for  e  detailed  discussion  of  the  system  thermal  dasign  conslderat  ons 
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3  *0  INPUT  CHARACTERISTICS  (40  Hr) 


U)  Synchronous  scan  frequency  wher  used  wtth  varl  Mle-spacb  sca;>  board 

seen  frequency  •*  !  I  be  stable  within  I 
Hr  of  external  sync  source  f-equency 

(b)  fwer:  to  operate  scanner  and  var I able-soeed 

scan  board  for  bi di rect iona s  scanr  ng 
at  30  Hr,  4  watts  max  tw  to  operate 
scanner  and  30  Hz  low-powe  scar  and 
Interlace  for  or  active  mirror  scar 
anqle  ^  5-50  2.2  watts  maxi*«*r 

In  40  Hz  bidi recttonal  mode  75  watts 
maximum 


3  4.2  PROCESSING  CHARACTERISTICS 
(a)  Variable  scan  frequency 


id)  30  Hz  scan  frequency: 

(c)  Interlace 

id)  Scan  direction 


variable  from  20  !R  frame s/40  fields. 
second  to  42  IS  frames/12**  fields/ 
second  nonsynchronous  scar  frequency 
drift  ^104  from  ambient  settng  wHer 
exoosed  to  spec  fied  staticc!  nates 
env I ronments 

•djustable  to  30  2.05  Mr  scan  frequency 
drift  <C  -3  Hz  from  ambient  setting 
wher  exposed  to  specified  *tat<c-cl  met>e 
env) ronments 

operates  In  a  2  I  i nte  ace  mode  s  de  or  ■••• 
will  Interlace  once  per  at  nut-  scan  or 
once  every  other  a>  aurf  scan 

operate  ;n  bid! rect • onai  mode  at  2  scans 
par  cycle 


a;  St an  eff  oency 


minim*  of  70%  at  M  Nt,  minimum  of  75% 

•  t  30  M*  for  « f  f  az  muth  active  scan  *09 Ins 
Jp  to  10*  minimi*  of  75%  with  4  maximum 
scan  *09 In  of  5-5*  when  jS  1 09  }0  Hx  low 
power  board 

(f)  Scan  jlttar  I .«  ax  «uth  0.75  ml  II I  radian  maxim*  In  tha  scan  dlraction 

(9)  Scan  jittar  ir.  interlace  intarlaca  rapaatabla  with  1 1 0%  daviatlon 

of  Haight  of  a  display  alamant  ovar  cantar 
90%  of  azimuth  fiald  of  view  maximt* 
average  Intarlaca  displacamant  *15%  of 
irltiai  setup  at  25*C  ovar  spaclflad 
sparating  temperature  rang*,  aftar  soak¬ 
ing  at  -42*C,  intarlaca  will  ratum  to 
within  15%  of  initial  satup  whan  stabifx'ad 
at  -J0*C. 

Hi  Abase  shift  dasign  inciudas  provisions  for  adding  a 

phase  shift  Ians  for  optical  compensation 
of  phase  shift  Introduced  by  video  elec¬ 
tronics;  phase  shift  Ians  mounting  cap- 
abi  I  I  ty  Is  provided  for  lenses  to  comps  n- 
sate  for  ail  resolution  frequencies  up  to 
1*0  xMi,  with  -as  t  due!  total  phase  shift 
of  lass  than  25%  of  one  detector  subtense 
at  tha  system  display. 

(i)  Ax  muth  angular  travel  permits  adjustment  of  azimuth  angular 

travel  (10*  maximt*)  for  unique  system 
raqui 'aments ,  adjustment  does  net  re¬ 
quire  special  tools;  adjustments  will 
not  reduce  scan  efficiency  below  70% 
for  tha  bid) rectlone!  mode. 

(j)  ftoduietion  transfer 

function  KTF)  HTF  greater  than  95%  at  0.fe67  cycles/  ml  1 1 1 - 
radian  when  measured  in  the  )0/t0  and  60/ 

120  scan  rate  modes . 
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(k)  Audlbla  noisa 


at  a  dfstanca  of  25  f*at  against  a  quiat  noisa  back¬ 
ground  In  tha  }0  Hi,  loo  powr  conf  lourat  Ion,  noisa 
lawol  (hall  not  axcaad  naxl'xn^i  loune  prassura  lav* I 
a*  follows 


Cant ar 


Haxf«u«  sound  prassura  lava)  (di) 


125 

87-*  75 

40 

2S0 

•75-350 

39 

500 

350-700 

3** 

1000 

700-11*00 

26 

2000 

•400-2800 

20 

**00 0 

2000-5600 

20 

<3000 

5600-11200 

_ Li _ 
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SECTION  IV 


Al I GMnCX T / Ftt  I NT ENANCC 

4 •  I  ’•MWSOUCC*  ALIGNMENT 

The  a  1 1 gnment  of  the  transducers  has  3e*n  established  by  the  manufacturer 
and  Should  not  b«  charged  or  rttd-uftad  during  the  llf«  of  the  scon  ner. 

4.1.1  TMNS DUCES  MIDGE  ELECTRICAL  ALIGNMENT 

1  -  Lock  elrror  at  neutral  both  axes). 

2  *  Apply  2,00  volts  0C  between  terminals  J  a.sd  4. 

1  -  Connect  DC  millivolt  metar  betwean  torn!  np  Is  5  and  4. 

4  *  Adjust  SJ  for  eln.  voltaoe  on  metar  <  .001  volts. 

5  -  Cpfwsoct  0C  ml  1 1 I vol tmeter  between  tonal  no  Is  7  and  8 

6  -  Adjust  Sfc  for  lain,  voltage  on  meter  (<  ,001  volts), 

7  *  Disconnect  power  sources  and  meter 


Preventive  maintenance  should  be  performed  In  an  enclosed  clean  area 
Isolated  from  sources  of  contelel net  Ion  such  as  chips,  oil.  oil  vapors,  dust, 
etc  Maintenance  techniques  are  those  used  for  precision  optical  Instru¬ 
ments  Jse  clean,  lint-free  gloves  to  prevent  placing  finger  prints  or  other 
residue  on  optical  elements.  If  necessary,  the  ml rror  surfaces  shall  ba 
cleaned  with  alcohol  and  clean  tissue  Avoid  excessive  pressure  or  pro¬ 
longed  rubbing  which  could  damage  the  optical  coatings. 

Dust  and  dirt  on  optical  baffles,  printed  wiring  boards,  pivot  points, 
connector  contacts,  and  other  e I  act romeehenl eel  components  should  be  removed 
with  a  non-shedding,  soft  bristle  brush  In  conjunction  with  a  low  pressure, 
dry  air  jet  The  frequency  of  preventive  maintenance  cleaning  Is  a  ftnctlon 
of  the  Integrity  of  the  housing  enclosure  and  should  be  determined  by  ope¬ 
rating  experience.  It  »s  recommended  that.  Initially,  cleaning  be  performed 
after  every  100  hours  of  operation  until  experience  dictates  otherwise.  In 
addition  to  cleaning,  the  Scanner  ette**ly  should  be  visually  Inspected  for 
loose  hardware  marred  surfaces  end  finishes,  damaged  insulation,  unusual 
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wear  points,  etc.,  during  preventive  maintenance. 

The  fie*  pivots  which  support  the  scan  mirror  assembly  and  the  interlace 
g<nbal  assembly  should  be  changed  every  ! 000  hours  of  operation  during  pre¬ 
ventive  maintenance. 

•oth  the  scan  mirror  and  Interlace  glmbal  assemblies  are  Initially 
balanced  by  the  manufacturer .  If  maintenance  regulres  replacement  of  parts 
on  either  of  these  assemblies,  rebalancing  el  1 1  be  regul red.  Using  special 
fixtures,  the  balance  should  be  reestebl Ished  to  attain  .01$  oi-ln.  for  the 
ml  rror  assembly  and  knife  edge  balance  about  the  Interlace  axis  of  the  giebet 
assembly. 

The  mirror  scan  angle  Is  determined  by  the  location  of  *•  spring  assemblies 
which  the  mirror  arms  strike  at  the  e*tremes  of  angular  travel.  The  mam)*m*e 
scan  angle  Is  I0‘  for  the  60  Hr  unit  and  5.$  degrees  for  the  law  power  unit. 

The  location  of  the  b  spring  assemblies  can  be  varied  by  loosening  a  clamp 
screw  and  positioning  the  springs  to  give  the  regul red  angle  of  travel.  The 
tow  power  scanner  has  additionally,  elastomer  b nepers  on  the  springs  to  reduce 
acoustic  noise  level  during  operation.  These  bnspers  should  be  changed  after 
1000  hours  ot  operation. 

As  the  Scanner  Module  is  common  to  many  system  appl Icet Ions ,  a  phase 
shift  lens  «Pven  used,  must  be  considered  In  belenclng  the  glmbal  assembly 
after  any  maintenance  operation  or  repair  to  the  gimbel  end/or  Its  components. 

A  phase  shift  lens  or  an  Identical  dmr*y  weight  as  jsed  In  the  system  appli¬ 
cation  of  the  scanner  being  repaired  mat  be  , natal  ted  to  the  gimbal  assembly 
when  balancing.  Care  must  be  taken  to  make  sure  the  phase  shift  lens  or  Its 
dummy  weight  Is  properly  seated  as  It  will  be  Installed  In  the  final  assembly 
of  the  scanner  module. 
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SECTION  I 


GENERAL  DESCRIPTION 


1.1  iwim&iiy 

The  Qetector/Oewer ,  Inf rered  wfv.i  hereinafter  celled  the  detector 
tf*nUuc*i  the  lnfr«r«4  energy  Incident  upon  It,  Into  electrical  signals 
whlck  ere  •  video  representation  of  the  Infrared  scene.  The  detector  con¬ 
tains  180  detector  elements  In  e  1 1  near  spaced  array  having  separations  aguel 
to  the  detector  til*,  thus  permitting  1:1  Interlace  who r  used  In  e  Fenorf 
Cooking  Infrared  (PLIP)  or  Thermal  Imaging  System. 

1.1  IRTENgEg  jrtj  g.JIig 

TSe  detector  Not  boon  «os  gned  to  bo  Interfaced  with  other  major  comma’ 
end  special  modules  to  for*  on  Integrated  PlIR  or  Thorool  (**9 In?  System. 

The  function  of  tho  detector  It  to  transduce  the  Infrared  enerfy  from  the 
target  tcana  Into  video  signals.  This  Infrared  enerfy  would  normally  be 
focutsed  on  the  detector  array  by  the  IP  I wafer  oodute  after  icennl n?  by  the 
mechanical  scanner.  There  ere  itO  detector  elements  of  wW ch  ell  or  e  fraction 
nay  be  used  In  any  fl van  CLIP.  Normally,  the  nmaber  of  elements  used  would 
be  selectei  In  9roupt  of  10  since  each  preamplifier  modules  provides  10  chan* 
nets.  Trie  video  outputs  of  the  detector  ere  fed  to  the  preamplifier  for  am¬ 
plification  end  procettlnf.  The  number  of  detector  elements  used  will  de¬ 
pend  upon  the  member  of  channels  regul red  by  the  system  beln?  deslfned. 

1.3  TECHNICAL  specifications 

The  technical  sped f (cations  of  the  detector  ere  as  fallows 
*T— IT  Saoci  ficat tana 

Heterlel  hercury  Cedinlm  Tellur  Ida 

r  111  element  ?  1>  «  1o'°  CAM*’  2  watt 
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1 7'  element* 


T  ine  Constant 

Opor*'*"!  Temporetu re 

*e*pon*Ulty  (05*  of  •! 

leva  root) 
tie*  Fewer  (total  -1*0 

element*) 

•  i  ii  Current  (he*li*Mo) 
(ev*  •■•**) 
Spectral  Response 


*  1.4  *  10’°  CH  Ht,/l  *ett 
Ine  detective  element*  *»n 

cent  rat  Jt  element*) 

/.  5  microsecond*. 

•©•a  *5*.  -20* 

t)  >1.1  »  I01*  velt*A*»tt 
2  1 .4  *  10*  volt*/uatt 

*  50  *1 1 1  iwatt* 

4  ml  1 1 1 amp* re* 
t  )  ■!  II  ampere* 

7T5  to  12  nlcronmetar*. 


For  Interface  Information  such  a*  -mechanical  con¬ 
figuration,  outline  4 1 men* 1  On* .  electrical  Inter¬ 
connection  ana  mountlnf  Information,  refer  to 
Section  III. 
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I. 

I 

scene*  i! 

FUWCTIOhAl  DCS  CM  mo* 

2.1  6CXML 

Tha  tact or  la  cewpoaad  of  180  altmonta  of  photoconduct  I v«  harcury 

Cadwl un  Tallunda  <Mg  CdTa).  TKa  datactor  bloa  raalatora  ara  a*  Integral 
part  of  tha  detector  nodule.  ilaa  currant  la  auppllod  by  the  blea  regular 
nodule  Tha  detector  oparataa  by  convert I ng  I  nr  I dent  Infrarad  energy  to 
alactrlcal  vldao  tgnela  uainq  tha  photoconductivity  procaaa. 

Tha  datactor  haa  no  controla  or  edjuataente,  and  la  dlractly  Interchange- 
akla  with  othar  datactor  nodulea. 

2.2  THCOM  CT  QPCMTUB 
2.2.1  *HOTOCO*DOCTlVirr 

Photoconductivity  la  a  eharactarl at  I e  of  curtain  materiel*  wherein  rad¬ 
iation  la  convortod  to  an  alactrlcal  algnel.  Tha  alactrlcal  al^tal  la  oanl - 
faat  aa  a  change  In  tha  raalatanca  of  tha  datactor  notarial  grnerally  produc¬ 
ing  a  change  In  voltage  acroaa  tha  datactor  element  being  auppllod  with  a  eon- 
atant  blaa  currant.  Photoconduct ora  fall  Into  tha  claaa  of  datactora  known  aa 
quantum  datactora.  A  quantia*  datactor  la  ona  tdilch  akaorka  light  quantum 
dlractly  applying  tha  anargy  to  neklng  an  alactron  aval  labia  for  tha  conduc¬ 
tion  procaaa.  All  ion  I  conductor*  ara  ehereeterlaed  by  having  a  conduction 
band,  a  path  which  la  partly  filled  with  alactrone  and  which  la  entirely  re- 
aponalbla  for  tha  raalatanca  of  tha  materiel.  Thay  atao  hava  a  valanca  band 
which  la  fl Had  with  alactrona  but  cannot  contribute  to  tha  conductivity. 
Clactrona  can  ba  ‘puahad11  from  tha  aval  labia  alnk  of  tha  valanca  band  to  tha 
conduction  band  by  tha  addition  of  anargy  to  tha  notarial.  Thlt  anargy  can 
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love  the  form  of  radiation  (photon*/ or  hoot  (phonon*),  The  bend  9*0'  of  the 
material  ■«  tne  energy  which  nu*t  be  tupplled  to  a  valence  bond  oloctron  to 
pu*h  It  Into  tho  conduction  bond  w».ere  It  con  octlvoly  toho  port  Ir.  motor  I  o  I 
conduction  lowering  It*  r»*l*tlvlty.  The  length  of  time  which  tho  oloctron 
romp  i  *»*  In  tho  conduction  bond  bo  for#  returning  to  tho  volonco  bond  (with 
tho  *ub**ouont  'o I 00*0  of  bend gap  energy  In  tho  form  of  hoot)  I*  0  cherecte- 
rlttlc  of  tho  motor I ol  ond  rotult*  In  It*  'time  con*tont." 

All  the  energy  of  o  photon  («  gone roily  oppliod  to  only  one  volonce  bond 
electron  ond  ooch  volonce  bond  oloctron  con  only  bo  octod  on  by  one  photon 
et  a  time  Therofore,  rod'otlon  of  wavelength  lower  In  energy  then  the  moteriol 
bordpop  will  bo  unable  to  excite  the  materiel  to  photo  conductl vlty.  Since 
the  longer  the  wavelength  the  lower  the  photon  eneryy,  the  detector  moteriol 
with  It*  characteristic  bond 90c  will  determine  the  longest  wavelength  which 
eon  be  detected  by  0  detector  constructed  of  tho  material,  Thor#  I*  no  upper 
limit  *hort  wavelength  cut  off  for  e  photoconducto r .  ond  Indeed  tome  infrared 
detector*  ore  u*od  o«  *-roy  do toe  tor*,  however,  at  radiation  wavelength  de- 
c roe tot,  energy  I*  wotted  n  thot  more  I*  ovolloblo  per  photon  then  It  need- 
od  to  excite  •  volonco  bond  oloctron  to  the  conduction  bond,  to  more  wott* 
for  thort  wove  length  rods ot Ion  will  be  needed  to  produce  the  tame  conduction  bend 
electron  dentlty,  a  signal  from  o  detector  element  then  would  be  reoulred 
to  elicit  the  *eme  tlgnol  from  redletlon,  with  wevelength  et  the  meterlel  cut¬ 
off  for  thi*  r#e*on,  e  detector  I*  moot  efficient  when  opereted  et  It*  wave¬ 
length  cut-off  then  ot  tny  other  wavelength. 

Detector  moteriol  choice  I*  usually  determined  by  the  wavelength  of  tho 
radiation  to  bo  detected  Since  the  cowxoi  modulo  I*  do*ignod  to  detect  rod I  - 


•tier  is  the  7.5-12  micron  bend,  •  materiel  with  bandqep  cor respond) 09  to  12 
micron  radiation  It  both  most  efficient  and  mecettary.  Alloys  of  HqCdTe  have 
been  s>nthpi  Ized  »d»lch  pottett  tl.lt  band9ap  (0.1  eV  equivalent  to  12  micron 
photon  enerqy). 

A  major  operating  conttralnt  on  any  photoconductor  toniltlve  to  12  mi¬ 
cron  phot on t  It  the  phonon  competition  At  previously  mentioned,  an  alternative 
may  to  generate  carriers  It  throuqh  phonon  enerqy,  l.e..  there  el  enerqy.  At 
room  temperature  (2T*C.  }00*K)  there  It  for  more  phonon  enerqy  available  to  the 
detector  than  it  typically  available  from  the  radiation  Therefore,  this  ther¬ 
mal  enerqy  l«  In  parallel  with  the  radiation  enerqy  and  swamps  out  of  the  ef- 
fectt  of  the  radiation  enerqy  reduclnq  the  sensitivity  of  the  detector  element 
Simply,  so  many  electrons  ere  thermal ly  excited  to  the  conduction  band  et  room 
taaq'ereture  that  those  excited  b>  the  radiation  are  lost  In  the  shuffle."  To 
overcame  this  problem,  the  detector  element  must  be  cooled  The  colder  It  Is, 
the  more  sensitive  It  will  be  to  radiation.  However,  for  12  micron  HqCdTe, 
operatlnq  temperatures  below  100**  are  qonerelly  sufficient  to  produce  conduc¬ 
tion  band  electrons  at  the  radiation  level,  present  In  common  module  applications 
where  there  Is  a  JOO*K  radiation  backqround.  for  this  reason,  the  detector  ele¬ 
ment  must  be  cooled  to  such  operatlnq  temperature  before  they  will  exhibit  radi¬ 
ation  sensitivity. 

2  2  2  6€*eMt  CHAMCTfMST  ICS  Of  HqCdTe  OCTtCTOPS 

1*9  1  C**  Te  alloys  with  X  ** ,  0.2  are  semiconductors  with  a  band  pap  of 

approximately  01  electron  volts  at  0O*K  for  this  reason,  this  material  Is 
Idea  for  the  fabrication  of  phot ©conductors  sensitive  to  radiation  with  pho¬ 
ton  enerqy  at  the  hlqher  then  0,1  eV  which  correspond*  to  12  microns. 


At  80**,  MgCdTp  detectors  generally  exhibit  noml  nal  resistance  of  50 
ohms /square.  However,  there  are  several  complex  Interactions  which  relete 
device  resistance,  tine  constant  responsivity  end  t>  to  temperature. 

2. 2. 2.1  Tpooeratura  Effects 

■end  gap  of  HgCdTe,  unlike  «ost  semiconductors,  Increases  with  Increasing 
temperature,  hence  e  nominal  operating  temperature  below  100**  Is  necessary  for 
the  element  to  be  sensitive  to  12  micron  photons  As  temperature  decreases, 
the  number  of  thermal  electrons  In  the  conduction  band  decreases  which  results 
in  a  lower  conductivity  condition  from  this  source.  However ,  the  sioblllty  of 
the  conduction  band  electrons  Increases  as  temperature  is  lowered  In  certain 
'anges.  Since  element  resistance  Is  a  function  of  the  product  of  number  of 
electrons  tines  then  mobility,  the  temperature  dependence  of  these  two  effects 
tend  to  cancel  each  other,  producing  a  leveling  of  element  resistance.  Cle¬ 
ment  resistance  l>  not  a  strong  function  of  t anpe ra t ure ,  and  Is  definitely;  non¬ 
linear  with  'aspect  to  temperature.  Figure  2-1  shows  a  typical  resistance  vs. 
temperature  characteristic. 
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Time  constant  is  also  a  complex  function  of  temperature.  In  the  absence 
o-  effect*,  time  constant  it  "dependent  of  temperature.  Hoover, 

all  sent  conductor*  have  traps  which  trap  an  election  or  a  hole  and  '•aka  It 
unavailable  for  recomb  nation.'  Whan  an  electron  leave*  the  valence  hand,' 
t  leave*  a  hole  behind,  If  the  hole  become*  trapped  ,  it  will  be  unavai lable 
for  electron  reconfetnet 'on  and  the  electron  will  be  unable  to  return  to  the 
valence  band  for  the  duration  of  the  time  that  the  hole  I*  trapped.  Electron 
t'ap*  n  the  conduction  band  al»o  exist,  and  they  not  only  make  the  electron 
unavailable  for  recomb i net  ion,  but  alto  prevent  It*  taking  part  In  the  con¬ 
duction  procett.  Therefore,  hole  trap*  lncree*e  the  re*pon*e  flaw,  Electron 
t -ap*  Increase  response  time  and  reduce  sensitivity. 

As  temperature  decrease*,  there  are  fewer  background  electrons  and 
holes,  hence  more  traps  available  to  catch  them.  The  ntmfcer  of  traps,  how¬ 
ever,  are  a  function  ofbandgap  which  is  also  temperature  dependant .  Election 
trap*  do  not  generally  have  a  significant  effect  on  device  tie*  constant,  how¬ 
ever,  hole  trap*  have  a  large  effect.  Below  100**,  t i me  constant  generally  In¬ 
crease*  with  decreasing  temperature.  Between  100-140**,  time  constant  generally 
levels  off  with  temperature  as  the  increasing  niastoer  of  thermal  corners  •*  off¬ 
set  by  the  additional  traps  being  exposed  as  band gap  opens  Above  140**  time 
constant  decrease*  with  ncreating  temperature.  See  figure  below 
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2 .2 .2.2  k^uiini  'm  r  ±,,  t 

Aespons  vity  if  a  direct  function  of  rot  stance  and  a  di reet  function 
of  tl«e  constant.  As  tampe-ature  If  adjusted  in  the  #0*K  to  100**  range,  the-e 
t  little  effect  due  to  temperature  change  However,  at  very  low  temperature, 
responstvlty  will  Increase  dramatically  and  at  high  temperature  t  will  de¬ 
cline, 

2.2>  DETECTIVITY  VS.  TEHPEMTUPE 

Detectivity  If  a  function  of  responsivlty  and  noise  if  a  function  of  both 
resistance  and  temperature  to  the  one-helf  power.  Since  noise  Is  directly  re¬ 
lated  to  temperature  If  respont  vity  is  constant  over  a  9! ver  temperature 
ran 9e-  with  resistance  also  constant  over  the  same  range,,  as  Is  typical  of 
these  device  detectivity  will  decrease  w-tn  increas  ng  temperature  at  the  one- 
half  power  rate 

2 .3 .2  .3  Bias 

In  order  to  collect  and  measure  the  electrons  wh  eh  result  from  the  In¬ 
cident  redletlon,  er  electron  field  must  be  applied  to  the  device  In  the  form 
of  e  voltage,  Since  the  device  «  a  qui*-cent  resistance,  a  cu-'ent,  the 
bias  current,  will  flow  with  the  eopllcetion  of  the  bias  field.  There  ere 
several  affects  »rtueh  coafelne  to  determine  an  optimta*  bias  for  each  detector. 

As  bias  Is  Increased,  the  photogenerated  carriers  *eel  e-  Increased  field 
and  are  more  vigorously  collected.  Therefore,  in  the  absence  of  other  effects, 
respons  vity  and  fr  will  both  Increase  with  Increeslng  bias  However,  as  bias 
Is  increased,  thermal  load  ng  ncreases  due  to  I*B  dissipation  In  the  device. 

At  some  point  this  electrical  or  bias  heat  input  will  exceed  the  capacity  of 
the  cooling  system,  and  the  detector  will  begin  to  Increase  »n  temperature  w*th 
a  resultant  decrease  In  fr’!. 
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T i •»*-  constant  of  the  detector  s  usually  deter*  :ned  by  the  average  tt«e 
on  electron  •■egulres  to  reco*  ne  wl  rt»  Its  correspond! ng  hole  n  he  vale  ce; 
bond  However,  when  the  fetes  field  s  iuf f i  c  ently  ^tense  .  these  cerr  ers  na 
fee  swept  out'  of  the  detector  before  recombining,  Thls  Is  know?  as  the  sweet 
Out  node  o*  ooeretlon.  It  results  In  e  bles  controlled  response  time  and 
-O'* i no*  possible  &  which  are  both  des  reable  character  sties  *  a  as  would 
son  "el  ly  fee  choser  wt  ch  would  *esw!t  In  swear  ou  ot*er«,lon  However,  If 
the  detect ot  ' »  physically  too  large,  detector  heating  and  loss  of  0  will  ec 
occur  before  reaching  the  sweep  out  condition  >itr  Figure  2-3 


0  io  20  »e  «o 


BIAS  HELD  I  VOLTS/CM  1 
Figure  2-3. 

Curve  I  shows  D  vs  bias  for  a  detector  sufficiently  small  that  t  shows 
the  transition  tc  sweet  out  mode  it  b  u  field  (a).  Curve  II  shms  D  s  bias 
for  e  detecter  which  Is  too  large  to  dissipate  bias  heating  such  that  bias 
Is  restricted  to  f  elds  below  those  resulting  In  iwert  out  In  this  case  the 
dev  ce  would  normally  be  operated  a  fc  as  fit-id  (b ) . 


Other  conn  de ret  on*  which  have  ar  effect  on  bias  choice  Include  praemp- 
llfler  noiae  and  enwl ronmente*  nolle  contribution!  Since  luch  noise  contrl- 
but -on  ere  general  iy  constant,  overall  system  signal  to  noise  performance 
«  i*t  be  Increased  by  operating  at  a  bias  higher  then  option***  for  the  detector 
alone  to  increase  responslvlty  so  that  more  s  gn#l  s  available  to  overcome 
system  noose  effects.  Generally,  best  system  performance  *or  any  given  detecter 
s  obtained  when  bias  is  ad  jsted  so  that  detector  noise  s  the  dominont  noise 
contribut Ion. 

**hen  a  detector  s  presented  with  a  signal  source  which  s  a  uniform 
gray  surface  at  a  given  temperature,  the-  arrival  of  photons  Is  non -uni  form. 

There  s  a  random  fluctuation  In  the  rate  of  photon  emmtsslon  from  the  surface. 
*hen  the  detector  s  sufficiently  senslt've  to  detect  these  fluctuations,  they 
appeer  as  'Noise",  and  tha  detactor  Is  said  to  be  background  limited,  further 
Increasing  sensitivity  wl M  also  correspondingly  Increase  the  output  responding 
to  the  background  fluctuations,  so  signal  to  noise  will  remain  constant. 

In  an  effect  to  further  Increase  detector  performance.  It  Is  sometimes 
cold  shielded'  sc  that  It  will  see  less  of  this  background  radiation,  and 
hence  (ess  fluctuation  signal.  This  procedure  results  n  a  nolsa  decreasa  and 
a  cor 'espond I ng  IT  ncraasa,  however.  It  also  results  in  e  ntmeri cal ly  higher 
f /number  which  correspond! ngly  reduces  system  resolution  Convenient  sizes  for 
optical  elements  generally  set  the  limit  for  the  amount  of  cold  shielding  em¬ 
ployed  In  a  given  application. 

Another  way  to  reduce  background  noise  S  to  reduce  background  *empereture. 
TMs  s  not  often  under  the  control  of  the  system  user.  Detector  performance 
»  opt  —  zed  for  a  room  temperature  a  JOQ*K  background.  If  the  background 


r. 

i. 

Is  substantially  collar,  background  nolsa  from  tha  datactor  will  ba  lowar,  and 
s vs  tan  parfocmanca  night  hanaflt  from  hlghar  bias  sattlngs  (to  rastora  da tact or 
nolsa  as  tha  major  contrl but  I  on) .  Convarsly,  In  a  high  ranparatwra  aobiant, 
a  !oa»r  bias  could  rasult  In  Inp-ovad  systam  parforwonca.  Howavar,  a  hlghar 
than  normal  anOlant  ufll  always  dagrada  systan  parfemanca. 

HgCdTa  datactor  ara  low  npadanca  davl eas ,  with  'as  stanca  gana rally  lass 
than  1 00 -rv  for  this  raason  thay  ara  insansi  tlve  to  alactrostatlc  Intar- 
faranca  and  capar  t  <  »a  affacts.  Howavar,  thay  ara  highly  samitlva  to  alactro- 
maqna  Ic  Interfaranca  and  inductiva  coupling  of  tha  sort  found  naar  motors, 
ralays.  colls  and  othar  nagnatic  davlcas.  Approprlata  shlalding  and  sapar- 
ation  should  always  ba  maintalnod. 

tha  datactor  in  tha  :bwbh  modula  Is  apea  of  savnral  dlscrata  alamants, 
aa*.h  s  multanaously  obsarvlng  a  dlffarant  part  of  tha  scans.  It  Is  assantial 
that  aaeh  datactor  output  -aoain  Indapandant  of  all  othars.  tha  inharpnt  low 
mpadanca  of  tha  davlcas  graatly  aids  is  Maintaining  a  alnlnaa  of  alanant  to 


alanant  cross  talk  . 


SECTION  III 


INTERFACE 


Figures  3-1  and  3-2  show  the  part  I  riant  outline  and  Mounting  di'a  for  use 
of  the  des  I  gner  In  I  ncorporat  I  ng  the  detector  In  a  system  layout.  F 1 9u  ra  3-3 
l«  a  photograph  of  tha  detactor  modula.  Also  shown  In  this  photograph  Is  tha 
closad  eve  la  ceolar. 


3.2.1  imrr  cmamctcqistics 

responds  to  Incident  Infrared  radiation  In  tha  7.5 
to  12  Micrometer  spectral  raglon  emanating  from 
tha  target  area 

peak  detectivities  normal  I  fed  to  unity  bandwidth 
shall  be  as  follows 

(1)  At  least  142  elements?:  2.4  *  1010  Of  H»  1/2  watts 

(2)  At  least  171  elements  i  1.4  x  »0'°  C*  M*  1/2  watts 

(3)  9  elements  may  be  lass  than  1.4  .  I©’0  CM  Ns  1/2 
watts’*;  no  defective  elements  In  canter  >4 
elements  of  array;  defective  elements  separated 
by  at  least  one  acceptable  detector  elements. 


NOTE, 

Feefc  detectivities  are  determined  from  normalized  spectral 
response  and  blackbody  detectivities  0*^  ($00,  340.  25  to 
35  khz),  noise  benAddth  used  will  reflect  the  measured  test 
condition  In  use  at  time  of  test;  measurements  wilt  be  made 
of  a  75  degree  affective  field  of  view,  a  300*K  background, 
and  a  detector  temperature  of  §0  *5,  -20**0 

(c)  Spectral  response  elements  operate  In  the  7.5  to  12  micrometer 

spectral  region;  each  element  has  a  spectral  cut¬ 
off  betwee*  11.5  end  12.0  micrometers 

(d)  lias  power:  To  meet  uniform  respons I vl ty ,  totel  bles  power  needed 

for  entire  errey  •  50  milliwatts  maximum,  avarage 
bias  currant  of  alamants  ■  3  mllllamperas  maximum; 
no  ona  alemant  ragulraa  a  bias  currant  of  «ora  rhan 
4  ml  1 1 tamparea 


a)  Da. actor  array 


(b)  detectivity 
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(•)  Om—r  windtM  bandpat t  filter  with  5  OX  trpntnlttlor  wavalanytha 

of  7.5,  *0 .25.  -0.05  and  ll.o,  *0.  -0.15  nlero- 
■atart,  avaraya  translation  In  band  >05% 


) .1.2  OUTPUT  CHARACTERISTICS 

(•)  Electrical  connection!  on*  <aad  frna  each  detector  alanant,  alnlaui 

of  2  loo*'  for  a  calibrated  temperature  tento r 

(b)  Temperature  taneor  mini**  of  2  calibrated  tanpeatura  aenaort 

Inttelled  at  or  near  detector  location  In  flawif 
pray I  Oat  a I act  r I  cal  aiynal  which  It  an  ana  ley  of 

temperature 

3.7.3  PROCESS  INC  CHARACTERISTICS 

(a)  Tine  cent  tent:  latt  than  5  mlcroeaconda  «**en  operated  at  §0  *5, 

-20*4  antf  a  75*  effective  field  of  view 
(Oaf  Ir.'tlon:  time  conttent  •  t law  '-aywlred  for 
detector  alamort  raaponta  to  roach  43%  of  Its 
ateedy  ttata  value  aftar  belny  Irradiated  by  a 
ttap  Input  fraai  a  towrca  of  7.5  to  12  alcronatar 
radiation.) 

(4)  Santltlva  araa  aentltlve  araa  of  detector  alanantt,  define  at  tha 

5 OX  volt eye  llna  retponte  of  tha  alanantt,  will  con¬ 
form  to  dlnentlont  In  flywre  /  anti t lad;  "latactor 
alanant  tlta  and  apeclny".  Saa  02  tpaclf Icatlan. 

(e)  Crotttalk:  aiynal  from  a  non- 1 r rad I  at ad  datactor  wilt  not  an- 

cood  tha  nelta  laval  of  a  typical  datactor  alanant 
by  nora  than  4flH  wndar  following  condition! 

(1)  Any  othar  alanant  Irradlatad  by  a  7-5  to  12 
alcronatar  towrca 

(2)  Slynal-to-nolaa  ratio  from  radiation  towrca 
It  ^  20-1 

(3)  Ineye  of  towrca  £  yaonetrlcel  tlta  of  da¬ 
tactor 

(4)  datactor  operetlny  at  00  *5,  -20*4 

(d)  Ratactor  retlttence  variation  In  ratlttanca  batwaan  alanantt 

(latt  unacceptable  alanantt)  will  not  eaceed  40X 
of  tha  naan  at  10*  *5,  -20**. 

(a)  Ratpontl vlty?  naafc  tpact ra I  reapoot I vlty  of  9SX  of  alanantt  will 

4a*  1.1  *  10**  volta/watt:  avaraya  peak  -atpon- 
tlvlty  will  4a  ±  1.4  k  10*  valttAtatt;  uniformity 
variation  will  4a  40X  of  naan  vat  wo 

(f)  Oparatlny  tennerature  90  *5,  -20 V 
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(,)  Cold  •Mold  -HI  Halt  the  field  of  view  of  the  detector  #r- 

rey  to  »n  equlveient  75*  cone,  *n  externel  cold 
(Mold  cor  bo  Mounted  on  the  Bower 

(h)  Hoot  loed  doo(  not  exceed  ©.*•  wott  when  el!  190  detector 

elements  ere  cooled  to  ©0  *5  -2©*K  end  ere  ope- 

retlng  et  their  fine!  bles  current;  hoot  loed  to 
cryostet  J70  milliwetts  mexlrv;,  with  center  60 
elements  operating  et  their  finel  bles 

(l)  Vecuum  |*fe  Sufficient  vecutx*  will  be  melntelned  In  Power  for 

I  yeer  with  no  9etter  firing  or  Other  moons  of 
memteinlng  vecutpa  With  opereting  or  storege  temp- 
ereture  or  both  tt.  ♦7'*C;  proper  vecutx*  will  pre¬ 
vent  the  front  windows  from  frosting  when  opereted 
or  stored  under  specified  conditions 

(j)  Cotters  Hinlnum  of  2  reuseble,  clectrlceily  ectlveted  get¬ 

ters,  which  con  be  ectlveted  et  leest  7  times  ere 
p  rov I ded 

(k)  Petector  orlentetion  errpy  orlentetion  with  respect  to  Power  mount¬ 

ing  flenge  verleble  through  HO  degrees;  orlentetion 
Indlceted  by  reference  nerk  on  bese  plete  designet- 
Ing  detector  Mo.  I;  orlentetion  of  detector  with 
'eopect  to  clocking  merks  on  Power  bese  within 
it  degree. 


ttXL. 

Results  In  tolerence  buildup  of  *2  degrees  fron  detector 
errey  to  clocking  merkt) 


J.I.I*  ANCILLMT  CLCCTKICAL  OCSICN  CONS  IOC  MAT  IOMS 

(1)  Pue  to  the  lew  level  signet  outputs  of  the  detector  element  end  their 
Subsequent  high  empt If Icetlon  by  the  Preempt l fler/Control  PfivPf, 
the  detector  element  signet  output  leedt  should  be  Isoleted  from 

e.ny  other  slgnel  source  to  evoid  crosstelk  end/ or  extreneous  pick-up. 

(2)  Petector  element  slgnel  output  leeds  to  the  preempllfier  should 
be  kept  es  short  es  possible. 


3.2.5  DCTECTO*  COOL  DOWN  hCASUPEhEKT . 

Two  diodes  within  the  detector  Module  permit  WMurl 09  the  temperature 
echleved  et  the  detector  errey.  Since  the  forward  bias  volt #90  drop  across  a 
diode  varies  with  temperature,  the  temperature  of  the  detector  array  car  he 
determined  by  measuring  the  voltage  drop.  A  typical  dloda  voltage  rersus  temp* 
ereture  chert  for  the  detector  Is  shewn  In  figure  3-*. 

3.U  tASIC  OfEMTlMC  WECAUTIOtO 

(1)  Connection  from  the  detector  should  only  be  made  when  there  Is  known  to 
be  zero  volts  on  the  leads  making  the  connection. 

(2)  Coupling  capacitors  must  be  fully  discharged  before  connection  to  the 
detector.  Eel  lure  to  observe  this  precaution  may  lead  to  detector  bu'n-out. 

(3)  ties  field  should  be  applied  only  through  appropriate  load  n«t|Itors,  and 
only  after  connection  of  the  detector  to  amplifier  Inputs  end  coupling  capacitor, 
(b)  Continuity  should  never  be  checked  with  e  standard  ohmmeter  as  currents 
produced  by  such  Instruments  generally  far  exceed  these  tolerable  by  the  de¬ 
tector  possibly  resulting  In  burnout. 

(5)  hex I mum  bias  current  id>lch  should  ever  be  presented  to  any  detector  ele¬ 
ment  under  any  c  I  resets  t  an  ce  Is  determined  by  the  expression  !  (in  ml  1 1  lamps  res) 

•  200/A  (  element  resistance  In  ohms). 

(4)  So  long  os  bles  current  Is  limited  to  the  conditions  of  (S)  above.  It  cm 
be  applied  at  any  operating  temperature. 

(7)  Leeds  and  Interconnections . 

(e)  Leads  must  be  dressed  to  minimize  crosstalk 

(b)  Oue  to  the  low  Impedance  of  the  device.  It  Is  essential  that  loads 
not  be  placed  In  such  a  way  to  allow  high  Inductive  currents  to  build.  It  Is 
oosslble  to  produce  destructively  high  currents  In  detector  circuits  through 
magnetic  nduct I ve  coupling  to  strong  field  devices  such  as  unshleld  trans¬ 
formers  or  motors. 
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(c)  haver  store  detector  In  shorted  condition. 


(8)  §e  sure  thet  the  detector  dewer  bore  Is  ebsolutely  free  of  moisture  for 
assembling  to  the  cooler. 

(9)  Window  end  housing  ports  nev  creek  or  break  If  subjected  to  high  Impact. 
Always  trensport  detector  In  the  container  in  which  It  wes  shipped  until  In- 
steUet  Ion  In  FlIA. 

J  .3  IHTEHCOhWCaiQh  iwroMATipw 

The  detector/dewe*-  must  be  provided  with  e  means  of  cooling  »he  detector 
to  a  temperature  of  about  77**.  Although  the  common  mod-  las  cooler  showr  In 
Figure  3*3  I*  considered  the  normal  means  of  providing  this  cooling,  other 
devices  mev  be  used.  Another  form  of  closed  cycle  cooler  hos  It*  cold  finger 
separate  from  the  compressor,  but  connected  to  It  by  e  length  o*  smell  high 
pressure  tubing  up  to  about  two  feet  long.  This  permits  greater  freedom  In 
locating  and  mounting  the  module.  Either  of  these  types  con  operat*  with 
the  co»d  finger  In  any  attitude.  For  static  operation  where  the  dame’-  con 
be  mounted  facing  downward,  llguld  nitrogen  may  be  used  as  the  cooling  uedlia* 
by  simply  pouring  It  Into  the  dower.  A  different  llguld  nitrogen  system 
which  permits  the  dewar  to  be  mounted  horizontally  or  even  tilted  slightly 
upward.  Involves  j*e  of  a  slightly  pressurized  llguld  storage  dew#'  and  e  con¬ 
trol  syste  1  which  *eeds  the  llguld  as  droplets  through  e  smell  tube  to  the 
end  of  the  detector-dewer .  There  the  llguld  Is  caught  end  held  by  a  smell 
•at  of  fibres  until  It  evaporates.  Compressed  dry  nitrogen  or  elr  may  also 
be  used  In  e  Joule -Thompson  cryostat  to  provide  cooling.  This  too  cr  be 
mounted  horizontally  like  the  previous  type.  If  the  size  of  the  cold  finger 
or  cryostat  Is  no*  e  dl rect  equl valent  of  that  shown  In  Figure  3-J .  e  special 
adapter  may  be  needed  to  mete  with  the  detector-dewer. 
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J.V  1WSMLLAT10*  1MSTAUCTIONS  (See  Fl^re  3-5) 

This  procedure  establishes  a  method  of  Installing  and  removing  the  De¬ 
tector  Dewar  on  the  Cooler..  To  prevent  damage  to  the  Dewar  and  to  establish 
a  good  themial  bond  bet wee r  the  Cooler  and  Detector. 

PARTS  ACQUIRED 

1  Cooler  (SM-O-773683) 

I  Detector- Dewar  (SM-D-773780) 

I  Del  lows  (SH-C-772797) 

I  O-Aing  (SH-C-773504-4) 

AA  A.T.V  Adhesive  (SH-C-773‘^0-1 )  Dow  Corni ng  SI  Jostle  732  ATV 
AA  Theme!  Compound  (SM-C-773551 )  Wakefield  Engineering  Type  120 
U  Screws  -  #6-32  x  1/2  S.H.  (HS1699S-U) 

4  Split  Wpe hers  -  #6  (HSJ5338-1 36) 

1  Allen  Wrench,  7764,  with  I /4=  length  right  angle 
AA  Flat  Washer  #6  (AN96OC-6I)  See  Installation  step  5 
AA  Flat  Washer  #6  (AM96OC-6) 

Court  on 

Use  extreme  care  In  handling  the  Cooler  and 
Dewar.  The  cold  finger  Is  very  thin  metal 
and  the  dewer  Is  glass. 

1.  Chech  that  bellows  will  fit  on  the  end  of  the  cooler  cold  finger. 

2.  Coat  cooler  cold  finger  surface  'A  with  a  thin  coat  of  thermal  compound. 

3.  Fill  the  front  tse  convolutions  of  the  bellows  with  thermal  compound 

to  a  level  just  past  the  vent  hole. 

*».  Coat  bellows  surface  with  a  thin  coat  of  thermal  compound. 
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5.  Insert  four  It)  screws  with  split  washers  In  sine  1 1  holes  of  cosier 
cold  f'nger  flange,  Caution  The  screws  must  e*te«d  .25  In* 
to  the  detect or /Cooler  module.  Select  flat  washers  and  place  be- 
»weer  lock  washers  end  cooler  f 1 0090  to  control  screw  pro  action. 

6.  *pply  R.T.V.  adhesive  to  o-rlng  and  Install  o-rl ng  In  groove  of  da* 
war. 

7.  Set  cooler  head  up)  and  dewar  •■r>L  up)  on  •  flat  surface  as  shown 
In  f I gu re  1*5. 

8.  A | are  the  bellows  on  the  end  of  the  cold  finger. 

9.  Carefully  slide  dewar  onto  end  of  cooler  cold  finger  until  »he  bellows 
touches  the  bottom  of  the  dewar  recess. 

10.  Slowly  move  the  dewar  farther  onto  the  cold  finger  until  the  dewar  1s 
in  contact  with  the  flange  on  the  cold  finger, 

11.  Start  the  two  Side  screws  end  evenly  snug  then  up  to  the  ©-ring  by 

Sand 

12.  Tighten  the  two  side  screws  by  tur-  ng  I /k  turn  In  Sequence  until 
flanges  neat.  Observe  »p  during  tightening  and  maintain  parallelism 

13.  Insert  top  and  bottom  screws  end  tighten. 

Ik.  In  sequence  -heck  all  sc  ews  for  tightness. 

2l*AfL_*fe»oy,Ai 


Jse  tufre  rare  In  steps  k  through  7  so 
as  not  to  damage  the  dowe>  end  cold  finger. 

Detector  must  be  at  room  temperature  before  removal.  If  in  douklt, 
allow  two  (2)  hours  non-ooera* I ng  before  proceeding. 

2  Remove  top  end  bottom  screws, 

J  S#t  rooler-dewer  (heed  up)  on  a  flat  surface  as  shown  In  f  gure  J-5 
*  Remove  side  screws  by  turning  each  I /k  turn  In  sequence. 

'vent  ly  rotate  to  break  R.T.Y  adhesive  on  o-rlng. 

*1  withdrew  dewar  off  the  cold  finger. 


r  stem 
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Thl*  procedure  e  mat  ho*  of  assembly  for  the  *r»d“ler  Cooler* 
Detector  to  prevent  Renege  to  the  Oewer  end  to  establish  a  900*  thermal  bond 
between  the  Cooler  end  Detector. 


1  Cooler  <P/N) 799901-1) 

I  »eve>  Detector  ff/b  ?99t99-1 ) 

1  5prln*  f/h  419J44-I40-1) 

I  Cold  Ho,  <*f*  8)))44-l) 

1  t-*lng  (8/4  5175)1 -12)) 

A*  b.T.V.  Adheelve  <8/4  -IIIIW)  SMas^c' 7?2  W 
A*  ’he  mo  I  C<**ouod  <8/4  M  5004-0  f"9«"**',1ng 

4  Screw  *  *4-) 7  *  1/2  S.M.  (8/4  418242-18) 

4  Split  mashers  -  *4  (8/4  <.18262 -1 8) 

1  Allen  drench.  7/44,  with  1/4”  length  right  engle 


1.  Chech  thet  cold  plug  will  tilde  seeothly  over  cooler  cold  finger. 

2.  Coot  cooler  cold  finger  surface  A'  with  e  thin  coot  of  themol  compound. 

).  Coet  cold  plug  turfoee  with  e  thin  coot  of  themel  compound. 

4.  Insert  Cold  plut  Into  dower  stem  end  teet  It  egelntt  the  bottom  of  the 
•  tern  et  shown. 

5.  Insert  four  1(4)  scows  with  split  wethers  In  smell  holes  of  cooler 
cold  finger  flenge. 

6.  Adhere  spring  to  center  end  of  cooler  cold  finger  with  themel 
'ompound. 

7.  Apply  8.T.V,  adhesive  to  o-rlng  end  Instell  o-rlng  In  groove  of 
fewer. 

8.  Set  cooler  'heed  up)  end  dower  (0*  up)  on  e  Met  surface  as  shown 
In  figure  2. 
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9.  Carefully  tilde  dewer  onto  end  of  the  cooler  cold  finger  until  the 
cold  firmer  touche*  the  cold  pluj. 

10.  Gently  move  the  dewer  erownd  until  the  cold  plug  tilde*  onto  the  cold 
f  I  nge r . 

11.  Stert  the  two  tide  Screw*  end  evenly  snug  then*  up  to  the  0*fl ng  by 
bond. 

12.  Tighten  the  two  tide  screw*  by  turning  1/4  turn  In  teg.*nce  until 
f tenge*  neat.  Observe  geo  during  tightening  end  maintain  perel- 
lel I tn. 

13.  In*ert  top  end  bottom  ternn  end  tighten. 

14.  In  teguence  cheek  ell  screw*  for  tightness. 

PtMA*  REMOVAL 

1.  Detector  mutt  be  ot  room  'empereture  before  removel.  If  In  doubt, 
allow  two  (2)  hour?  non-operet I ng  before  proceeding. 

2.  Remove  top  end  bottom  screw* 

3.  Set  cooler-dewer  heed  up)  on  e  flet  surfece  es  shown  In  Figure  2. 

I*.  Remove  side  screws  by  turning  eeeh  I /l*  turn  In  segue  nee. 

5.  Gently  rotate  to  break  R.T.V.  adhesive  on  o*rlng. 

4.  Wlthdwer  dewer  off  the  cold  finger. 

7.  Remove  cold  plug  from  dewer  stem. 

CAtfljOg 

Follow  t»eps  4  end  7  carefully  e*  stem  I* 
node  of  glass. 
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SECTION  IV 


TEST /MAINTENANCE 

-.1  -ENEMi 

Thli  section  provides  Informetlon  on  the  test  end  nelntenence  requl rements 
to  be  considered  In  the  use  end  eppllcetlon  of  the  detector  nodule.  Presented 
herein  ere  the  test  equipment  requirements  end  the  nelntenence  procedures. 


4.2 


The  following,  or  eeulvelent,  test  equipment  Is  required  to  perform  the 
necessery  operetlonel  tests. 


4.2.1  STANOAAO  TEST  EQUIPMENT 


Teble  4-1 ,  following,  presents  e  listing  of  eonwe rcl el > y  evel!eble  equip* 
nent  which  hes  been  found  to  be  edequete  for  testing  this  nodule. 


TAOLE  4-1 

STANOAAO  TEST  EQUIPMENT 

Equin— n'  Manufacturer  Modal 

Olgltel  Voltmeter  Felrchlld  7000 

Metric  Sceles  (0-10  gr) 

Power  Supply  Vdc 
Resistor  15.0  iO.I  K 
Stop  Wetch 

4.2.2  SPECIAL  TEST  EQUIPMENT 

No  specie!  test  equipment  Is  required  to  test  the  detector 
*4.2.}  SPECIAL  TOOLS 

No  speclels  tools  ere  repul  rep  to  test  this  nodule. 
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4.3.1  FUMOU 

Tht  pur pot a  of  tha  datactor  tatt  It  to  datarmlna  that  tha  datactor  nodult 
“*aat*  aceaptabla  raywlranantt  bafora  Installation  Into  a  FLIP.  Tha  alnlaiua 
standards  of  parfomanca  datarolna  tha  tpaclflt  rayul ranentt  that  tha  datacto r 
nuat  moat  whan  jtad  In  a  FLIP. 

<*.3.2  hcthoo 

Tha  datactor  It  ro™*ctad  to  tha  tatt  tatup  at  th own  In  Flyura  4-1.  *11 
tatt  Intarcennactlont  ara  ehackad.  Fin  locations  ara  thown  In  Flyura  3-2.  Tha 
tatt  It  parfomad  at  tpaclflad  by  tatt  procadura  ttapt  llttad  Ir  tabla  4-2. 

Uch  tatt  It  parfomod  In  tha  tapuanca  shown.  Each  ttap  of  tha  sapuanca,  whan 
parfomod  warlflad  ayalntt  tha  parfomanca  standard  llttad  In  tha  rl^it  hand 
colinw*  of  Tabla  4-2. 

4.4  HMJfTUUWtt 

Each  nodula  It  claanad  durlny  nalntananca,  and  aftar  100  hourt  of  oparatlan, 
or  nor*  uftan  If  nacattary.  Ctoanlny  notarial*  and  protactlva  ayantt  ara  llttad 
In  Tabla  4-3.  dhara  tha  uta  of  an  air  Jat  It  tpaclflad,  ut«  a  hand  oparatad 
air  non  I#  tuppllad  with  claan,  dry,  conprattad  air  at  a  prattura  of  25  ptly 
nan  I  nun. 

Tha  eonnactort  ara  claanad  at  follow*: 

a.  dipa  dutt  and  dirt  fron  bodlat,  shall,  coup 1 1 ny  nut*,  and  cab I a  clanpt. 
utlny  a  tof i-brlst lad  bruth. 

b.  *anova  dutt  fron  Intartt,  utlny  a  snail,  toft-brlttlad  bruth  In  conjunct! 
with  an  al'  Jat . 

e.  doth  dirt  and  any  traca  of  lubricant  fron  Intart,  Insulations,  and  con¬ 
tact*,  uslny  a  trial  I,  toft-brlst  lad  bruth  to  apply  yanaral  purposa  claanar 
tparlnyly. 
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•o  net  •Ho**  eenere  1  purpote  cleaner  to  run 
Into  tleevet  'or  consult)  covering  wl  ret  or 
coblot  connected  to  contoct  terminal!  of  the 
» noort . 

d.  try  connecter!  with  olr  jot. 


b.S.1  S»STfft  MAC  WO?  IS 


A  twtpert  detector  having  poor  voctAT  (end  excel live  Hoot  loedlnp)  connot 
bo  occurotoly  dle^noted  «d»*le  It  It  mounted  to  o  cooler  w  thin  o  tyttem,  Only 
two  tooturooblt  opor*t  1  r>%  choroctor 1 1 1 1 ct  ere  available  detector  item/ chip 
temperature  (from  t-V  data  of  the  21*2222  t  root  It  tor)  and  Input  power  to  the 
cooler.  Theta  aoto  cannot  ba  uted  to  dlepnote  a  p rob  Ian  a *4  attribute  Ilf 
came  to  either  the  detector  or  cooler  alone.  The  detector  nwtt  be  -amoved 
from  the  tytte*  and  demounted  from  the  cooler. 
b.5.2  PfTCaOA  MUCH  TCST 

The  nett  accurate  meant  of  determining  vecuuo  Integrity  It  by  the  tett 
deter > bed  In  the  i2  development  tpecl  f  I  cat  I  on  t2 -28Ao$OI  02 ,  UmI  kOM>  M  re- 
areph  b.I.S.2.2.  A  oulck  dataminatlon  may  be  made  hewever  by  filling  the 
uewar't  bora  one-third  full  with  lb*)-  A  Dewar  with  normal  vacuum  and  heat 
load  latt  then  O.bOO  *ettt  will  el  lew  the  Lb  ““  to  evaporate  with  no  notice¬ 
able  tlpnt  of  boltlnf.  That  It,  the  turfaca  of  the  Ib^lt  pu let cent  **•  *h 
no  vltlbla  bubblat. 
b.S.I  CfTTCA  ffftlbCS 

The  tpecl fleet  Ion  reoulret  that  the  90ttert  thall  be  capable  of  belny, 
fired  tevee  (J)  timet,  although  thlt  *nr*er  may  ba  at  many  at  twenty  If  a 
cate ttrephl c  vacuum  failure  hat  not  occurred.  The  manufacturer  utuelly  fleet 
both  aettert  ‘.end  alto  perform*  the  Initial  bebp-out)  one  time.  A  typical  fir- 
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procedure  l«  to  fill  th#  0«Mr'l  well  wi  tf-  l*j  end  then  I  Mediately  fir® 
both  yet tort  sequentially  ot  e  current  of  J.5  *W>» .  for  eppro«l*ote ty  two  oln- 
ut*«.  0#t®l  1«  of  ptMpIny  tpe ed  end  rapacity  way  bo  found  on  dre winy  SH-C-77* 7**J . 


Table  U-2  Oetector/Dewer  Nodule  Teat  Procedure 


Step 

No .  Teat  Procedure  Performance  Standard 

Vacuum  Teat  The  following  procedure! 
atep*  provide  e  almple  atrelpht  forward 
method  of  determining  detector  •'dewer 
module  vecuum  Integrity. 

1.  Place  the  detect  or /dewer  module  on  the 
metric  acele*  end  edjuat  for  e  sero 
balance. 

2.  Carefully  pour  liquid  nltroqen  L*2  Into 
the  detector/dewer  module  item.  Con¬ 
tinue  pour  I nq  the  t*2  until  the  bell  off 
'•te  stabilizes  with  e  liquid  depth  of 
1/2 -Inch. 


3.  After  en  elepaed  time  of  2  mlnutet, 
edluat  the  l*j  level  to  meeeure  2.5 
prams  rhove  the  acele  zero  belence, 
then  atert  atop  wetch. 


ft.  Adiuat  belence  welphts  down  to  2.0  pram* 


5. 


ft. 


Record  the  time  requl red  to  bell  ewey 
2.0  qrema  of  1*2 . 

Temp 

Tempe ret ure  Diode  Teat  Thla  teat 
determlnea  the  relleblllty  of  the  temo- 
ereture  sensing  diode*  within  the 
detector/dewer  module. 

locate  tempereture  diode*  connector  pi -a 
In  the  detector  dewer  connector  ea  ahewn 
* n  f  I  pure  J  -2. 


If  the  L*j  boll-off  rote  la  leaa 
then  0.1  prama/mlnute  then 
conalder  the  vecuum  Inteqrlty  of 
the  detect or /dower  modu>e  to  be 
9oed.  Should  the  boll  miff  rete 
exceed  0.1  q rema/ml note  then 
return  the  module  to  factory  for 
repair. 


7.  Connect  dl ql tel  voltmeter  end  power  aupply 
with  current  Itmttlnp  realator  ea  ahown  In 
Plpure  ft.1. 

•.  Cerefully  pour  thj  into  atem  of  the  detec- 
t or,  dewer  module,  until  the  bolllnq  rett 
atebllliea  within  eppronimetely  1/2-Inch 
liquid  depth. 

9.  After  2 -minute*  he*  elepaed  reed  the  vol-  Voltepe  drop  ahell  be  within 

teqe  drop  ecroa*  diode  *1  bv  pleclnq  the  1 .OftO  to  1.070  Vdc  If  diode 
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Table  b-2  da tec tor /Rawer  htdula  T*,t  Procedure 

(Cont.) 


Tett  Procedure 


Parfcmence  Standard 


ta*t  tat up  potltlve  probe  (  )  to  tha  »»  It  In  pood  condition 
beta  pin  and  tha  other  to  emitter  pin  (rafaranca  Flyura  J-b). 
(connoctor  Jl ,  Flyura  J»t) . 


ho  vat  tatt  circuit  and  check  dloda  *2,  Vo It aye  thell  be  within  tha 
Uta  tana  procadura  at  ttap  9.  tana  ranya  at  In  ttap  9- 


Table  b-J.  Claanlny  Hater lelt  and  Protective  Ayantt 


Itan 

Henufecturer  or 

Hll/FCD  Spec  Ho. 

Sol vant 

Acetone 

JAM-A-48P 

FIS  Spec  0-T-5IC 

Claanart 

pur pot a ) 

(yanaral 

Hethyle**e  Chlorlda 
Tatrachlorathy lana 
Solvent ,  Pry  Claanlny 
Toluene,  Technical 

niL-n-dyye 

FCO  Spec  0-T-2J* 

FCO  Spec  r.u^80 

FCO  Spec  TT-T-5A8 

Cleamny  tel ut Ion 

Cthyl  Alcohol 

FCO  Spec  0-C-7SOO, 
Grade  1 ,  Clatt  A  or  • 

Cloth,  Cotton  (nonllnt- 
l  ny) 
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SECT  10*  i 

6ENERAL  OCSCKIfttOM 

^  I . I  Introduction 

The  Lljht  Enittlnj  Diode  Array.  Infrarad  (LEO  array)  par  -ns  the  func¬ 
tion  of  converting  detected  and  anplified  Infrarad  radiation  (vide  tipnatt) 
to  visible  llpht  This  conversion  It  acranpt I shed  by  the  LEO  array  which 
I*  ccmprltad  of  ona  nultl  •  aa*ant  Hpht  enlttlnp  dloda  array  Integrated  with  a 
tat  of  systen  connectors  Tha  drive  slpnels  applied  to  the  LEO  array  are 
norna  1 1  tad  by  Intarnally  packaged  ret  It  tort  which  provides  a  noma  1 1  ted  (cur¬ 
rent  United)  sign*!  Input  to  the  LEO  array  Thlt  pamltt  the  LEO  array  to 
tupply  conttant  contrasting  visible  dltplayt  The  visible  dltplay  a" 1 1 tad  by  tha 
LEO  array  varies  In  direct  correspondence  with  the  Input  drive  signals  tuppl lad 
by  the  externally  connecting  nodular  tyttan  olactronlet 
1.2  Intended  Use  of  I  tan 

The  LEO  array  It  potltloned  In  the  foepl  plane  of  the  tcenner/vl tool  coll- 
Inator  optic  The  colllneted  light  from  the  LEO  array  It  directed  to  the  reverse 
tide  of  the  scanning  nlrror 

The  visual  ana log  of  the  scanned  IA  scene  will  be  presented  to  a  viewer 
observing  the  tcanned  LEO  array  The  perenetert  of  the  scanned  Infrared  scene 
tuch  at  resolution,  contrast,  and  field  of  view  are  faithfully  transnltted  to 
the  LEO  array  by  way  of  the  preanp 1 1 f ler ,  postanpl I f ler ,  and  LEO  driver  elect¬ 
ronics  train 
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SECTION  II 


fUNCTlOMAL  DESCRIPTION 

2  I  Tj£MT_Qf_  OPERATION 

The  light  emitting  diode  Is  a  solid  state  Quantum  light  emitter  rather 
then  a  thermal  or  plasma  light  source.  A  diode  chip  of  gallium  arsenide 
phosphide  will  emit  light  sdten  the  diode  Is  I r jec t ed  with  a  forward  Dias 
current  uhleh  builds  up  the  junction  voltage  above  a  knee  which  Is 
approximately  1 .**  volts,  tight  output  Increases  with  current  In  a  linear 
fashion,  v*-e*e  the  diode  Is  biased  above  the  knee  voltage. 

The  Internal  mechanism  of  the  LED  Is  explained  by  the  various  energy 
band gaps  In  a  so- 1  conductor,  forward  current  flow  pumps  electrons  up  to 
the  conduction  ene’gy  band  Into  an  unstable  state.  As  electrons  from  the 
conduction  bane  fa' I  back  Into  the  valance  band,  they  give  up  energy  In 
recombining  with  holes  This  energy  Is  given  up  In  the  form  of  light.  The 
particular  v.ght  frequency  emitter  depends  on  how  far  the  electrons  fell 
and  this  distance  Is  related  to  the  energy  gap  between  the  valance  and 
conclusion  hand.  The  greater  this  band,  the  higher  energy  or  high  frequency 
the  emitted  radiation.  The  me«erlcel  value  of  the  knee  voltage  Is  just 
slightly  lower  than  t'-e  numerical  value  of  the  bandgep  energy  In  electron 
volts. 
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3.1  t-ONflGUMTiOM 

figure  3-1  show*  the  pertinent  outline  end  mounting  data  for  inr  of  the 
designer  In  1 ncorporat Inq  the  l El  Array  In  a  system  layout.  Mote  that 
the  d  . men* I  on*  and  tolerances  reflect  the  actual  dr**. I ng  data  »dilch  in  some 
cases  differ  free*  or  supplement  the  data  In  the  12  spec  flcatlon.  Figure 
3*2  is  the  physical  dimensions  of  the  diodes  erd  figure  3-3  Is  a  photograph 
of  the  LCD  Array. 

3.2  iHUACONHCLTiHL 

The  LEO  Arrpy  normally  Interfaces  mechenice'ly  with  the  Visual  Collimator 
and  electrically  with  the  Aostamp  If ler /Control  Driver  module.  The  number 
of  electrical  connections  Is  determined  by  the  number  of  detector  e  aments  used 
In  the  system,  since  each  diode  corresponds  to  a  detector  element.  This 
module  can  be  operated  In  any  attitude,  but  must  be  oriented  relative  to  the 
other  optical  modules  so  as  to  provide  the  rlsua  output  In  the  regu  red 
oriental  Ion. 

The  Visual  Collimator  module  does  not  have  mounting  holes  Into  «dileh 
the  four  mounting  scrams  of  the  LED  Array  can  be  nserted.  It  Is  therefore 
necessary  to  provide  a  unique  clamping  mean*  to  attach  the  LED  Array  to  the 
Visual  Collimator. 

3.3  ysu>f  gr  .?o«  visua, grim 

The  display  optics  are  that  portion  of  the  optical  system  necessary  for  the 
observer  to  view  an  image  of  the  scene  In  Its  proper  perspective.  The  designer 
must  tek«*  Into  account  the  necessary  requisite*  for  comforteb  e  viewing  ef 
a  scene  such  as  brightness  level,  contr  *st ,  negni f leatlon  and  -esolutinn 
brightness  to  the  view-  Is  a  function  of  the  ami t ted  br  ghtness  of  the  LID 
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the  f*  of  the  vlauel  collimator,  the  brlflhtnMi  9«ln  of  the  Imepe  intenalfler, 
and  the  mepnl f Icat Ion  of  the  eyepiece  Ian*. 


The  power  out  wf  the  llpht  •"ittlnp  dloda  la  proportional  to  the  currant 
injected  Into  the  diode.  The  radiant  output  of  the  diode  la  plven  aa 
0.94  *  10"*  watt  a /me. 

The  me* I  mum  output  la  15  me  *  94*10*^  •  1,41  *  10*5  'o-  ortln«  watt 

to  iumena,  we  make  uaa  of  the  p ho topic  reaponae  curve  which  haa  a  peek 
reaponaa  of  695  lumena/watt  at  appronlmately  550  n.m.  for  the  peak 
wave  enqth  of  LIO  at  660  n.m.,  the  relative  reaponae  la  .06.  The  1(9  vleuel 
flu*  la 


•  -  t.4t  «  10  watta  *  695  lumena/watt  *  .06 
-  5.9  *  to”1*  Iumena  (*m) 

T©  determine  the  1 1  limine ted  brlphtneaa,  wo  convert  Ijnene  to  foot 
lonterte,  »*leh  norm*  Urea  the  diode  Into  a  t  ft2  target,  for  thla 
calculation,  the  alee  of  tha  diode  la  .00075  "  *  .00)75” 

•  ^!.7oFfoo!  uliarta 

Tha  above  value  muat  be  diluted  In  term  of  the  number  of  aeon  revolution 


a  I  amenta  In  tha  acimuth  direction.  The  fecal  length  of  the  col  1 1 me tor  la 
2.66*  and  tha  phyalcal  enple  that  the  aeennar  travaraaa  la  4.75'  yleldlnp  a 
I). 5’  (.26  rad)  optical  anple.  The  linear  emcuralon  of  the  fecuaed  rey 
bundle  of  tha  collimator  la  2.669  *  .26  •  ,4V  .  The  iu*6a  r  of  atlmuth  a  I  omenta 
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Tha  Collimator  f  Ho.  la  f. 
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The  factor  of  1/2  la  an  Intarlaca  factor.  ^  It  the  neynl fleet  Ion 
ratio  between  the  col  Heat or  end  the  afocel  tyttam  and  Hf  It  the  overall 
tyttam  meynl fleatlon.  He  It  the  ratio  of  the  entrance  pup II  of  the  tytt 


narrow  field  to  the  clear  aperture  of  the  col  lie /tor. 


1 .51 

25 >700  a 

rrr 


3.50 
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8.0  a  10"1  I 
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I  a  J a  (1.18J? 

^sT  i  fflr 


The  Ineye  Intentlfler  provide*  a  brlyhtnett  meynl fleet  Ion  of  40.  The 
maalnun  brlyhtnett  of  ICO  dltpley  to  the  viewer  it 


4.847  foot  I  amber t» 


The  ICt  Array  dlttlpatet  an  avereye  of  about  0.01}  watt  per  clamant. 

It*  power  dlttlpatlon  dependt  on  the  nta*er  of  elamentt  u«ed  In  the  tyttam 
and  the  brlyhtnett  to  i^tlch  the  Individual  element*  are  dr  von.  Cven  with  a 
larye  number  of  element*  In  the  tyttam,  the  total  dlttlpatlon  It  to  lew  that 
the  ICO  Array  can  often  rely  on  conduction  throuyh  It*  mount Iny  tur facet,  plut 
convection  to  trantfer  heat  to  the  tyttam  houtlny.  However,  In  the  overall 
tyttam  thermal  detlyn  It  nay  be  det treble  to  provide  a  conductive  path  to  a 
heat  enehenyer  to  reduce  the  yenerel  Internal  temperature  In  the  tyttam 
houtlny.  Aefpr  to  Chapter  1,  Section  III  for  a  dltcuttlon  of  the  tyttam 
thermal  detlyn  cont Ideret lent . 


3.4.1  ItfPVT  CHAAACTIAI STICS 


(a)  forverd  volt  aye  2.$  volt*  man  ln»e»  at  IS  ml  Ml  ampere* 

(b)  Current  >  IS  mil  1 1  ampere*  per  diode 

3.4.2  0MT0VT  CHAAACTCAISTICS 


4 •)  ^ower'  output  0.54  nlcrowett/ml 1 1 (ampere  minimum  In  the 

2  to  IS  ml  1 1 (ampere  ran ye 
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(b)  LCO  wevelenfth:  wevelenfth  of  llfht  from  each  LCO  It  6400 

♦50,  - 1 00  Anfttram  unit!  (A*)  with  til 
ICO't  normellted  ant  bietet  at  4.0  volft 

J.4.)  PPOCCSSINC  CHAMCTCmSTlCS 

(4)  Time  coot  torn :  0.)  mlcrotecont  »§»iw 

(b)  ICO  array  normal  I  cat  Ion  parameter*  ratlttora  were  te 'octet  to 

normal  I >a  ICO  llfht  output!  to  within  *5*  of 
array  eve rape  at  4.0  voltt  blat, 

(c)  Track  I nf  aftar  norma  1 1 (at  Ion,  brlfhtnatt  (Hjht  output) 

of  all  tlotet  will  tra  k  within  *10%  of  array 
everafe  brlfhtnett  batman  blat  'aval!  of 
2.5  •.*»  voltt  batwaan  tamoaraturat  of 

0*  to  ♦55C  at  follow*: 

(0)  Unacceptable  tlotet'  tef active  tlotet  art  thota  which  art 

Intarmlttant ,  thortet,  crottwlret  with 
retpect  to  connector,  or  fall  to  moot 
functional  reeulrementt ;  flofat  In  tha  array 
will  a  how  no  tefeett  othar  than  thapa  ant 

tpaclnf . 

(a)  Shapa  tefeett  Thara  will  ba  no  thapa  tefeett  In  tha  contar 

120  ICO 't  ant  no  mere  than  4  tefeett  out! Ita 
tha  cantar  120;  thapa  tefeett  aro  teflnea  at: 

(1) ^  15%  Internal  araa  olttlnf  kl|%  Internal 
area  mitt  Inf  not  cant  I tarot  a  ta fact  to  lonf 
at  mitt  Inf  araa  toot  not  of fact  element 
lenfth) , 

(2)  mlttlnf  Internal  area  effectlnf  tlete 
1anfth'5%  (mlttlnf  Internal  area  effectlnf 
tlote  lenfth<5Y  It  not  contltaret  0  tefact). 

())>  5%  attltlonal  paternal  area  45%  attltlenal 
ontamal  araa  It  not  Conti tarat  a  tafect). 
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SCCTIO*  !V 


ALttWetfT/hAllfTCIMMCt 

*».l  4<Vl 

Thlt  taction  provIBat  Information  on  tha  tatt  aw I  allfnrant  rural  ranantt 
to  ha  contl Bara*  In  tha  uM  an*  «M Illation  of  tha  LIB  Array. 

<*.2  HMWTIWICI 

Tha  LIO  array  t«  not  contl*aro*  flat*  roaalrahla.  Corrective  naln- 
tananca  contlttt  of  fallal  unit  realecawa-t  only.  Tha  tatt  an*  Infraction 
procaBu'et  outline*  In  tMl  taction  ray  ha  uta*  to  Betarmlna  nuaeratlva 
aofvlai. 

w.j  wi»g."7  r*  tlh»» 

StanBar*  tatt  aoulpaant  tueh  at  aha— a  tart .  VTVftt  or  Blfttat  voltMtart 
tainnt  he  tafaly  vta*  to  chock  tho  LIB  array, 
k.h  tttCUL  TIST  tmiKUT 

Tha  feltewlnf  tpaclal  tatt  aoulprent  rooulre*  to  canalata  tha  tatt 
pravIBa*  In  thlt  taction  It  a  LIB  array  roBula  tatt  tat.  Thlt  tatt  tat  autt 
ka  fabricate*.  "afar  to  flfure  h-l  an*  fakrlcata  tatt  f ran  tho  tu* if  f* 
MhOMBtlc. 

Ut Inf  tha  tatt  tat  araly  t*a  a rata  t'r>  to  tha  alnt  Betcrlbe*  In  flfure  k-l, 
Mhlla  an  attlttant  vlawt  tho  LIB  array  owt^u*  In  tubBue*  llfhtlnf.  If  1 1- 
Itnlnatlan  It  ofetalne*  from  aach  of  tha  *to*a  alarantt,  tha  array  It  functionally 
acceptable. 
k.$  AllftlillifT 

*han  tha  LIB  It  attenble*  ra  tha  celltnetor,  an  ellfnwont  an*  facut  chock 
•ntt  ka  «a*a.  Tha  mr4ar  of  Befreet  of  freeBen  raaulrlnf  chock  out  aro  anuw- 

•  LonfltuBIntl  or  enlal  wh'ch  ratulti  In  Bofocut 
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arata* 


=1 


flfwr#  4-1.  T#*l  S*t  Up 


•  Tranawaraa  laft/Hpht  (atlwuth 

(tlivitlon) 


•  RoUtlonil  -  raaulta  In  plttur*  tilt  If  tha  imy  a  not 
vortical  to  tha  acan  direction. 

Tha  ICO  array  I*  tha  la»t  modulo  In  tha  ova rail  aaaambly  to  to  allgnad 
Thu*.  al lynlnf  tha  modulo  aaauraa  that  tha  acannar,  I*  I  mayor  »nj  da tact or 
and  vIiimI  collimator  Sat  ilr*a4y  boon  proparty  allynad.  Alto  for  tMl  taat, 
tha  vlaual  display  optica  ahould  not  b a  uaad.  Tha  coowr  modulo  unit  ahould  bo 
mountad  on  an  optical  banch  and  an  optical  boraalyhtlng  acopa  with  aufflclont 
mapnl f I cat  Ion  (10  ■  or  hlyhar)  ahould  ba  ua ad  to  focua  and  allpn  tha  ICO  array. 
Tha  coawn  modulo  unit  la  down  pawarad  and  tha  acan  mirror  muat  ba  accwrataly 
I oc bad  to  a  •»$*  cantar  poaltlon.  At  laaat  thraa  alampnta  of  tha  U0  nppd  ha 
lllwnlnatad  for  thla  taat,  tha  two  aatrama  and  aiamanta  and  a  cantar  alamant. 
Th aaa  aiamanta  can  ba  lllumlnatad  ualny  a  davlea  almllar  to  tha  ICO  array  tatt 
aat. 


-m 


A^CWOIX  | 


*h>  Effect  of  Aanghrt  on  tnony  Trr>»iiilon 


Con«td<  '  twn  d'tclov  olownntt  of  oyuol  «l<e  >n«  conjoining 
o  torgot  ond  tho  othor  contolnlng  only  bockground.  t*<  tho  ibitnct 
of  ot wotohoro  tho  flgnol  trow  tho  torgot  olowont  will  bo  |.,  that 
f row  bochg-ound  will  b«  1 |  , 

Tho  porowotrr  of  Intorott  It  tho  dlfforonco  lr  tlgnol 

«S  *  «. 

In  tho  orootfK#  of  stwotohorle  tcottorlng  an*  obtorgtlon  |$  ond 

hoc own 

for  tho  I* 

I.  -  1 4  .  ♦*•>«  ♦  |.  (I  -  *‘*'*)  a  '<*•* 

*Otw  *  » 

♦  t#  0  -  o-^o*) 
for  tho  y It (bio 

I-  •  I,  0  "  (**  *^0)*  ♦  |  (1-o"*V  ,-*•* 

* atm 

If  *  T*  *  ^ 

whoro  0^  •  oeottorlny  coofflelont 

W,  •  oboorptlon  coofflelont 
•  •  rinyo  to  toryot 


1-1 


•  nd 


,t  .  t*.  *<.)■ 


th*  i  yntl  r*duc»d  by  *t««ot*h*rlc  tc*tt*rln*  *nd 
•btorptlon 


I  (!-•**»*  I#(  I-*"*-  It  th*  amount  of  bochprrvnd  *n*ryy 

*c*tt*r*d  Into  th*  t'§n*l  olomont.  Thlt  *n*rfy 
It  *tt*nv*t*d  by  appro* i«*t*ly  •**•* 


I  (I-**®  **)  Th*  amount  of  *n*rfy  r*dl*t»d  by  th*  column  of 

•tmotnhcr*  b*tw**n  th*  t*rp*t  *nd  tantor.  Th* 
fftmtphor*  l«  to  b*  at  th*  t am*  t*mp*r*tur* 

•t  th*  background.  Thlt  consonant ,  of  court* ,  do*t 
not  **ltt  for  th*  wltlbl*. 


#  .t  found  by  totting  1^  •  1#  in  th*  *>ipr*atl 


Th*  I.  . 
%t» 


on  for  I 


S*tln 


Th*r*for*,  th*  dlffcrantlal  tlfnal  It 

I"  U  .1*  •  <1.-1, )*{*  ♦**)  * 

atm  » 


Vltlbl* 


atm 


l« 


atm 
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UiTlNATf  PEAFOANAHCC  Of  AN  tlCNCMTAL  DCTECTOn  VIEW1NC  A  BAA  AATTf AN(U) 

*«««*  *  t«rf»t  with  atpec  t  rati©  of  2  I  and  inyulir  dlwiioni  2f 
By  C1 .  Thlt  atpect  rat lo  It  cktrKttrlitlc  of  many  teryett  (».*.,  trvckt, 
tarkt,  men*  that  one  nlfht  encounter  In  the  field.  The  Johcton  criterion 
•tatee  that  tha  probability  of  pare apt  Ion  of  thlt  target  It  exactly  equal 
to  that  of  an  equivalent  bar  pattern  of  A  eye let/nlftlmum  dlnentlen 

Calculating  the  S/N  In  a  tlnfle  bar. 

The  vl do©  tlqnal  In  an  Ideal  device  (unit  quantum  efficiency, 
photon  nolte  limited)  It 

S  -  (Q,  -  Q,)  tyL  Ac  r  (I) 

where: 


Q,  *  flux  from  a  reeolutlon  element  containing  elynal  (photon/tec 

en‘-tter) 

Qg  *  flux  from  a  reeolutlon  element  containing  background 
(photon/tec-en*  -  tter) 

Ap  •  area  of  detector  element  (cm*) 

A^  •  area  of  collect  Inf  opt  let  (cm*) 
f  •  opt  let  focal  lenqth  (cm) 


**•11  time  of  element  on  a  point  In  the  ecene  (tec  i 
tolld  Inttantaneout  field  of  a  detector  (iter) 


(3) 


Since  the  image  1s  a  periodic  bar  pattern  of  spatial  frequency,  fr,  the 

S'*  must  be  modified  by  the  square  wave  transfer  function  of  the  system, 

corresponding  to  that  spatial  frequency  MTT  (fr) 

The  display  Jr .  that  perceived  by  the  eye,  may  be  Improved  over  the 
N 

video  S/N  by  temporal  and  spatial  Inteqrat'on  of  the  eve 

where; 

"  ***  r!£l*!£  ■  ''MMber  Of  frames  available  for  Integration 

n  "  number  of  resolution  elements  on  e  single  bar  of  the  pattern 
The  improvement  goes  as  the  I fl  power  because  the  signal  Is  non-raodomly 
generated  and  will  build  linearly  the  number  of  samples  Integrated,  whereas  tho 
noise  Is  randomly  generated  and  tends  to  build  only  as  the  1/2  power. 


bearranging  tarns. 


i  -  J  1  ^  2  ^optics  (fr)  tor  <fr) 


(5) 


•UT 


-  / _ I _  \-  Ag/f* 

f  I  number  o#  scene  elements  /  .  J 

\  •  rov 


(4) 


vt’iijjz  -  <r'‘  , 

Vf  "r  Vf* 


(7) 
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The  HIT  it  ''elated  to  the  sine  wave  HTf  by 


mr  (fr)  •  £  | nrr  (f  r)  -  1/3  Htr  (jfr)  ♦  1/3  nrr  (5fr)  «  •:  j 


(I) 


(nee  for  the  pr«Mn(,  that  tha  iMtial  * 


y  of  the  bar  pattern 


I*  praetor  then  one  thi  rd  the  cvt-oM  t 

‘ft 


o*  the  detector  to  that 


(f) 


the  *«▼»  of  a  Keor  f>p  da  tec  tor  .« 

S  *n  ‘ 


a  ■  ns 

TT'A^" 


(10) 


Conblnlhf  tern*  and  Intertlnq  lot  9  •«<*  *0  In  Eq  5 


I  _ 


r  '  TT  fr 


(H) 

let 


•UT 


fr  •  n 


SO 


i  .  <k :  .fr  <•»*' 

N  Z™ 


1/2 


?nv 


-  *  tin  ( Jf 

tT 


fr  > 


02) 

optics 


The  oet  letr*  •*•*•-**. 


I 
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9  82 


ThU  U  ju*t  tha  width  of  •  slftfla  Bar.  rho  assumption  of  Co  9 

thot  tho  spatial  frequency  of  tho  bar,  n ^  ,  |»  treater  then  f  cut-off/) 

Is  valid  sine*  f  cut-off  of  a  do  toe  tor  with  IFOV  I 

U*  2n  TT57"“ 


Co  12  may  bo  ox  pros  sod  In  term  of  •  alnimn  rtsolvoblo  t 
onco  a  threshold  S/W  Is  specified 


ature 
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